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ventilator  management  picture 

The  New  VenTrak®  combines  Respiratory  MecJ^onics  and  Mainstream 
Capnography  to  provide  information  not  available  on  any  ventilator 
or  graphics  package: 

•  Deadspace 

•  CO 2  Production 

•  Alveolar  Ventilation 
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safer,  faster  and  controlled  patient 
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at  the  American  Association 
for  Respiratory  Care^       % 
42ncl  International 
Convention  and  Exhibition 

November  3-6  in  San  Dieqo,  CA 
(Sunday  through  Wednesday) 


A  comprehensive  overview  of  the  latest  in  technology,  clinical 
advancements,  governmental  issues,  and  health  care  reform  — 
all  geared  specifically  for  the  respiratory  care  practitioner. 

Look  for  the  program  and  registration  information  in  the 
August  issue  of  AARC  Times. 
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(requires  KU  Analog  or  C-Band  Analog  satellite  dish) 


Clinical  Focus 


#1  •  Management  of  Life-Threatening  Asthma 

Tape  available 
#2»  Managing  the  Ventilator:  What  and 

Tape  available 
#5»  Theory  and  Application  of  Neonatal  VmtU^f)K  What,  W*ct 

with  Rob  Chatburn,  RRT,  and  Richard  D.*ranson,  RRT 

•  Live  Broadcast  —  August  27,  12:30  p.miifcZrOO  p.m. 

•  Teleconference  —  September  16, 12:30  |^^po  1:00  p.m. 
Supported  in  part  by  an  educational  grant f^ 

#7»  Airway  Management:  Tricks  of  the  Trade   '-W^^ 

with  Charles  G.  Durbin,  MD,  and  D^^OgSSa,  MD 

•  Live  Broadcast  —  December  10, 12J^^^^R  2:00  p.m. 

•  Teleconference  —  December  19, 12:]|^^^K)  1:00  p.m. 
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1:00  p.m. 
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Respiratory  Care  Issues 

#3»  Managing  Demand  for  Respiratory  Care  Services 

Tape  available 
#4»  Capturing  Respiratory  Services  Outside  the  Hospital  Part  I:  Home  Care 

with  Allan  B.  Saposnick,  MS,  RRT,  and  Sam  Giordano,  MBA,  RRT 

•  Live  Broadcast  —  July  9,  12:30  p.m.  to  2:00  p.m. 

•  Teleconference  —  July  29, 12:30  p.m.  to  1:00  p.m.' 

#6»  Capturing  Respiratory  Services  Outside  the  Hospital  Part  BkSybacute  Care 
with  Kevin  Cornish,  RRT,  and  Sam  Giordano,  MBA,B^BT 

•  Live  Broadcast  —October  15, 12:30  p.m.  to 2:00 p.m. 

•  Teleconference  —  November  1 8,  1 2:30  p.m.  to  1 :00  p.m. 
Supported  in  part  by  an  educational  grant  from  , 
Newport  Medical  Instruments,  Inc. 

All  times  listed  are  for  Eastern  Time  Zone. 
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Human  Resources 
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issues,  including  compensation,  numbers 
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rates,  education,  credentialing,  and 
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AARC.  This  important  study  provides 
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where  they  are  being  treated;  and  the 
cost  of  treatment.  47  pages,  9  tables,  12 
figures. 
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Practice 

This  study  examines  the  practice  of 
respiratory  care  in  today's  health  care 
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reorganization  is  affecting  the 
profession.  Includes  ch.ipters  on  medical 
direction,  current  respiratory  care 
services,  nontraditional  services, 
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humidifiers  and  nebulizers,  artificial  airways  and  resuscitators, 
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Abstracts 


Summaries  of  Pertinent  Articles  in  Other  Journals 


Editorials,  Commentaries,  and  Reviews  To  Note 


Hypcrbaric-Oxygcn  Therapy  (Review)— PM  Tibbies,  JS  Edelsberg.  N  Engl  J  Med  I996;334(2.'ii: 
1642-1648. 

TrcatmunI  <.f  Obstructive  Sleep  Apnea  (Review)— DW  Hudgel.  Chest  1996:109(5):  1.M6-1 338. 

Reactive  Airways  Dysfunction  Syndrome  (Review) — WM  Alberts.  UA  do  Pico.  Chest  1996:109 
(61:1618-1626. 


The  InhaUition  Device  Influences  l-uny  Depo- 
sition and  ISronchodilating  Kfl'ect  of  Terhu- 
taline — 1.  Boigstroiii.  H  Deroiii.  E  Stahl,  E  VVah- 
lin-Boll.  R  Piiuwels.  Am  J  Respir  Crit  Care  Med 
1996:1.5.^:16.16. 

The  development  of  new  inhalation  devices  for 
asthma  drugs  raises  the  issue  of  the  relationship 
between  pulmonary  deposition  and  therapeutic 
effect  of  inhaled  drugs  in  patients  with  obstruc- 
tive lung  diseases.  We  thus  conducted  a  random- 
ized, double-blind  and  double-dummy.  4-period 
crossover  study  in  13  patients  with  moderate 
asthma  (inean  age  36  years:  FEV|  59'7r  of  pre- 
dicted), who  inhaled  0.25  and  0.5  mg  terbutaline 
sulphate  on  sep;irate  occasions  either  via  a  pres- 
surized metered  dose  inhaler  (pMDl)  or  Tur- 
buhaler'  (TBH).  Pulmonary  deposition  was  8.1 
±  2.7%  and  8.3  ±  2.3%.  respectively,  of  the  nom- 
inal dose  for  pMDI  and  1 9.0  ±  7.3%.  and  22.0  ± 
8.1%  forTBH.TheFEVi  increase  after  0.25  mg 
terbutaline  sulphate  via  TBH  was  significantly 
greater  than  alter  0.25  mg  via  pMDI.  No  signif- 
icant differences  in  FEV|  increase  were  observed 
between  0.25  mg  via  TBH,  0.5  mg  via  pMDl,  or 
0.5  mg  via  TBH.  Other  lung  function  variables 
showed  similar  dose-  and  device-related  changes. 
We  concluded  that:  ( 1 )  the  dose  of  terbutaline  sul- 
phate ilepositcd  in  the  lungs  is  dependent  on  which 
inhalaliim  system  is  used:  (2)  TBH  delivers  about 
twice  llie  amount  ofdnig  to  the  lungs  as  the  pMDI: 
and  (3)  the  observed  difterence  in  deposition  is 
rcllected  in  the  hronchodilating  effect. 

Prevalence  and  Incidence  of  .\dnlt  Pertussis 
in  an  Urban  Population — ME  Nennig,  HR 

,Shinefield.  KM  l-xiwaids.  SB  Black,  BH  Fireman. 
JAMA  1996:275(21 1:1672-1674. 

OBJECTIVES:  To  determine  the  prevalence  of 
Bordeiclhi  jwriussis  infection  among  adults  who 
ha\  e  prolonged  cough  for  2  weeks  or  longer  and 


to  estimate  the  incidence  t)f /?.  pertussis  infection 
in  adults  in  a  defined  urban  population.  DESIGN: 
A  prospective  clinical  study,  SETTING:  Kaiser 
Permanente.  San  Francisco  (CA)  Medical  Cen- 
ter. PARTICIPANTS:  One  hundred  fifty-three 
referred  and  participating  health  plan  members 
1 8  years  old  or  older  with  the  complaint  of  cough 
persisting  for  2  weeks  or  longer  and  154  health 
plan  members  1 8  years  old  or  older  with  no  cough 
for  the  past  3  months  (controls)  were  enrolled. 
Medical  records  for  an  additional  IfXI  patients  ran- 
domly sampled  from  676  patients  1 8  years  old  or 
older  w  ith  an  ambulatory  diagnosis  of  cough  (60 
with  prolonged  cough)  were  also  reviewed.  MAIN 
OUTCOME  MEASURES:  Prevalence  of  adult 
pertussis  as  determined  by  enzyme-linked 
immunosorbent  assay  IgG  antibody  levels  to  per- 
tussis toxin  in  individuals  w  ith  prolonged  cough 
for  2  weeks  or  longer  and  the  incidence  of  adult 
pertussis  in  San  Francisco  Kaiser  health  plan  mem- 
bers. RESULTS:  Tlie  prevalence  ol  adult  pertussis 
was  12.4%  of  the  p:u1icipating  referrals.  Tlie  inci- 
ilence  of  adult  pertussis  was  estimated  to  be  1 76 
cases  per  1(K),(X)0  person-years  (95%  confidence 
interval,  97  to  255  ca.ses).  CONCLUSIONS:  Adult 
pertussis  is  a  significantly  greater  public  health 
threat  than  previously  suspected.  Booster  doses 
of  acellular  pertussis  vaccine  after  7  years  of  age 
may  be  an  effective  approach  to  minimize  trans- 
mission and  infection. 

Markers  for  Primary  (are:  Missed  Oppiir- 
tuiiities  to  IniniiHii/e  and  .Sci'een  for  Lead  and 
Tnbercnlosis  hv  Private  Phvsicians  Servinf; 
l.arye  Numbers  of  Inner-City  Medicaid-Eli- 
gible  Children — d  f  aiibidther,  S  Friedman,  KA 
DuMont,  KS  Lobach.  Pediatrics  1996:97(6): 
785-790. 

CiBJECTlVE:  This  study  examines  coverage  lev- 
els for  immunization,  missed  opportunities  to 
immuni/e,  and  extent  of  lead  and  tuberculosis 


screening  in  inner-cit)  storefront  physician  offices 
and  then  relates  child,  visit,  and  physician  char- 
acteristics to  missed  opportunities.  METHOD- 
OLOGY: With  the  use  of  a  nested  sampling  strat- 
egy. 232  charts  were  selected  for  review  in  31 
physicians'  offices.  Charts  selected  were  for  chil- 
dren 0  to  35  months  of  age  who  had  3  or  more  vis- 
its in  more  than  3  months.  Physicians  were  selected 
from  those  in  specific  low-income  New  York 
inner-city  neighborhcxxis  who  submitted  large  vol- 
umes of  Medicaid  billing  claims.  V:iriables  exam- 
ined  were  missed  opportunities  to  immunize, 
immunization  coverage  levels,  lead,  and  tuber- 
culosis screening.  The  outcome  measure  was 
missed  opportunities  lo  immunize.  RESULTS: 
Only  26%  of  the  children  were  up  to  date  for  their 
age  for  diphtheria,  tetanus,  pertussis  (DTP),  oral 
polio  vaccine  (OPV),  and  measles,  mumps,  rubella 
( MMR)  compared  with  a  city-wide  coverage  level 
of  49%.  Children  who  were  not  up  to  date  for 
immunization  coverage  were  more  likely  not  to 
be  up  to  date  for  lead  ( RR  =  1 .24,  CI  0.96  to  1 .60) 
or  tuberculosis  (RR=  l.,54,CI  1. 14  to  2.08)  screen- 
ing. Physicians  miss  opportunities  to  immuni/e 
in  84%  of  the  eligible  v  isits.  Opportunities  to 
immunize  are  missed  more  frequently  at  sick  care 
or  follow-up  visits  (95%  and  91%  missed  oppor- 
tunities) than  at  well  care  visits  (41%  missed 
opportunities).  CONCLUSIONS:  The  quality  of 
pediatric  primary  care  given  by  these  inner-city 
storefront  physicians  is  suboplimal.  Sick  and  fol- 
low-up visits  predominate:  well  care  visits  are 
inliequent.  If  care  is  to  be  improved,  Medicaid 
reimbursement  policies,  which  make  deliverv  of 
well  care  unprofitable,  will  need  to  be  changed. 
In  addition,  monitoring  the  quality  of  care  will  need 
to  be  more  aggressive.  In  the  near  future  children 
who  receive  Medicaid  in  New  York  will  be  in 
managed  care.  If  reimbursement  and  monitoring 
policies  tliat  prov  ide  incentiv  es  for  deliv  ering  pedi- 
atric primary  care  are  to  be  in  place,  it  will  be  the 
managed  care  plans  that  implement  this. 
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Virginia  Society  for  Res^ 
_  and  the 

Association  for  Respiratory  Care 
present  a  ^ 


A 


».^-..    ■a|in« 


onventioOfS^min 

Monday,  September  30, 1996  •  Huntington,  West  Virginia 


l^e 


e  f^6  Annual  Cbtfveritiori 

~  the  West  Virginia  Society  will  be 

,       held  Tuesday  and  Wednesday, 

October  1-2,  at  the  Radisson 

^^rHotel  in  beautiftil  Huntington. 

This  year's  convention  will  be 

preceded  by  a  special  seminar 

organized  in  cooperation  with 

^jL  the  American  Association  for 

Respiratory  Care.  The  seminar 

►will  present  timely  information 

on  how  respiratory  care 

practitioners  and  their 

employers  can  change  and 

benefit  from  today's  hospital 

restructuring  programs. 

The  seminar  is  approved  for 

6  hours  of  continuing 

respiratory  care  education 

(CRCE)  credit  by  the  AARC. 


^i9fl7li*jrsd 
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For  ad<S©nal  program  information, 
registration  form,  and  hotel  reservation  for  this 
special  seminar  and  the  West  Virginia  Society 
annual  meeting,  please  > 


•».'" 

%■ 


write  to: 

The-WVSRC  Program  and  Education 

P.O.  Box  433 

Montgomery,  WV  25136 

or  call: 
Jay.Wildt ipr  CPFT  at  (304)  442-7474 
Jean  Fisher  RRT  al  (304)  357-4851 


Njjf  Jay.Wildt ipr  CPFT  at  ( 304)  44 

|tt|HH^^  1  Jean  Fisher  RRT  al  (304)  35 


spiratory  Care  Services 


Emerging  Trends 


,0:00  a.m.  -  10:05  a.m.  .*.<*  ^ 

"m  Overview 

I. 


a.m.  -  10:50  a.m. 

'  eds  o£Madih  CareSvs 

'         'Invefifamgf  S||^^^  f 
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itives  they  create.  Ex^glns  the  impact  of  expanding  post 
s  for  RCPs,  and  the^ul  sets  required  to  add  value  in  future 


nes  the  value  added  by  RCPs  in  g 

to  sell  decision-makers  on  the  vl 

^.opriate  utilization.  Defines  resouj 

"ization  control  program.  Presen" 

cessful  in  ensuring  appropriate  uti 


future  acute  care  facilities.  Describes 
"^mdehnes  and  protocols  to  ensure 
ort  required  to  implement  a 
pf  asdeparttiient  that  has  been 


'11:45  a.m. -12:30  p.m.  ^I^i^^  '    * 

The  Post  Acute  Environment — Skilled  Nursing  Facilities,  Subacute, 
and  Home  Care 

Identifies  market  forces  and  governmental  regulations  that  foster  growth  in  the  post 
acute  environment.  Discusses  the  opportunities  for  RCPs  created  by  government  and 
^  private  managed  care  contracting.  Reviews  the  mechanism  for  reimbursement  of 
f-  respiratory  care  services  in  post  acute  sites  and  the  current  HCPA  scWitia^o^  transfer 


1:30  p.m.  -  2:25  p.m.  ^ 

Respiratory  Care  in  Group  PracttWand  Disease  Management 

Explores  opportunities  for  RCPs  as  mid-level  providers  in  capitated  physician  group     "     ^ 
iBttctice.  Defines  disease  management  and  explains  why  asthma  patients  are  ideal 

aidates  for  disease  management  programs.  Identifies  skill  sets  required  by  mid-level    JP 
(viders  and  explains  why  RCPs  add  unique  value  to  respiratory  disease  mapagemei^    ^ 
programs. 

2:30  p.m.  -  3:25  p.m. 

Respiratory  Care  in  the  Futureftntegrated  Care  "Delivery  Systems 

Describes  market  forces  encouraging  the  development  of  integrated  care  delivery 
systems.  Reviews  current  and  projec^flHpM|ibn  of  managed  care  across  the  nation. 
Exjglains  the  components  of  an  integfiiWWwOry  system  and  the  (^mpetitive 
advantage  afforded  by  the  system.  Presents  a  proposed  respirator)?  care  service  structure 
to  meet  the  needs  of  an  integrated  care  de'- ' — 

3:30  p.m. -4:25  p.m.  I    '. 

Marketing  and  Selling  Your  S^ff^^lfi  Your  Services 

Presents  a  systematic  approach  to  developing  new  or  expanded  services.  Discusses 
fundamentals  of  a  business  plan  and  techniqu^fpr  successfully  presenting  ideas  to 
knizational  decision-makers.  Reviews  cofflBn  pitfalls  to  avoid. 


Abstracts 


Home  versus  Intensive  Care  Pressure  Support 
Devices:  Experimental  and  Clinical  Com- 
parison— F  Lofaso.  L  Brochard.  T  Hang.  H 
Lorino,  A  Hiuf ,  D  Isabey.  Am  J  Respir  Crit  Care 
Med  1 9%;  153: 159 1. 

A  bench  study  using  an  ailitlclal  lung  model  and 
a  clinical  study  in  patients  uere  pertbmied  to  eval- 
uate 6  commercially  available  home  pressure  sup- 
port devices.  Six  devices  were  tested  in  the  in  vitro 
study,  including  5  designed  for  home  use  and  one 
designed  for  use  in  intensive  care  units.  Minimal 
positive  end-expiratory  pressure  (PEEP)  varied 
across  home  devices,  from  0.5  cm  HiO  to  4.3  cm 
H2O.  Work  imposed  during  exhalation  varied  up 
to  6-fold  across  devices.  A  .substantial  rebreath- 
ing  volume  was  present  for  the  3  home  devices 
with  a  common  inspiratory  and  expiratory  line. 
This  rebreathing  volume  decreased  with  increas- 
ing PEEP  level,  as  expected,  but  remained  sub- 
stantial at  the  widely  used  PEEP  level  of  5  cm 
HiO.  Use  of  a  non-rebreathing  valve  increased 
both  the  work  imposed  by  the  circuit  during  the 
exhalation  phase  and  the  time  required  to  attain 
the  relaxation  equilibrium.  Except  for  2  home 
devices  and  a  bi-le\el  positive  airway  pressure 
(BiPAP)  device  equipped  with  a  non-rebreath- 
ing valve,  differences  in  inspiratory  trigger  sen- 
sitivities were  small  between  home  and  intensive 
care  devices.  During  pressure  support,  the  total 
work  performed  by  the  machines  did  not  differ 
by  more  than  I59c  between  devices,  whereas  dif- 
ferences of  more  th;ui  3(X)9f  were  observed  in  flow 
acceleration.  Only  1  home  device  gave  a  flow 
acceleration  similar  to  or  better  than  that  obtained 
with  the  intensive  care  device.  In  a  randomized, 
crossover  clinical  study,  we  compared  a  home 
device  to  a  device  specially  designed  for  inten- 
sive care  use  in  7  inmbated  patients  during  wean- 
ing from  mechanical  ventilation.  The  main  dif- 
ferences between  these  2  devices  were  trigger 
sensitivity  and  initial  flow  acceleration.  For  the 
saine  level  of  pressure  support,  there  were  no  sig- 
nificant differences  in  arterial  Pro.,  tidal  volume, 
respiratory  rate,  or  minute  ventilation  between 


these  2  devices.  However,  the  esophageal  pres- 
sure-time product  was  30%  higher  with  the  home 
device  (165  ±  93  vs  1 19  ±  80  cm  HjO/min.  p  < 
0.05).  In  conclusion,  differences  exist  between 
devices  in  terms  of  occurrence  of  rebreathing. 
speed  of  attainment  of  stable  pressure  support 
level,  and  expiratory  resistance.  These  differences 
characterizing  the  delivery  of  pressure  support 
may  have  clinical  impact  on  the  inspiratory  effort 
of  patients. 

Effect  of  Hypertonic  Saline,  Amiloride,  and 
Cough  on  Mucociliary  Clearance  in  Patients 
with  Cystic  Fibrosis — M  Robinson.  JA  Rcgnis, 
DL  Bailey,  M  King,  GJ  Bautovich.  FTP  Bye.  Am 
J  Respir  Crit  Care  Med  1996:153:1509. 

In  patients  with  cystic  fibrosis  (CF),  dehydration 
of  airway  secretions  leads  to  a  decrea.se  in  mucocil- 
iary clearance  (MCC).  We  examined  the  acute 
effect  on  MCC  of  a  single  administration  by 
aerosolization  of  hypertonic  saline  (7%)  (HS), 
amilonde  (0.3'7(  in  0.12%  NaCl)  (AMD  and  a 
combination  of  AML  and  HS  (AML^- HS)  in  12 
patients  with  CF  using  a  radioaerosol  technique. 
Isotonic  saline  [0.9%]  (IS)  was  used  as  a  control 
solution.  As  both  the  AML  and  HS  solutions 
induced  cough  in  some  patients,  the  last  9  patients 
studied  also  underwent  a  cough  clearance  day.  This 
was  to  eliminate  the  possible  confounding  effect 
of  cough  on  MCC  measurement.  Patients  ranged 
from  18  to  28  years  (mean  ±  SD,  22  +  3)  with  an 
FEV|  of  27  to  1 1 1'^'h  predicted  (6 1  ±  30% ).  Fol- 
lowing  deposition  of  the  radioaerosol,  baseline 
clearance  was  assessed  for  30  minutes.  This  was 
followed  by  a  30-minute  intervention  period. 
Assessment  of  post-intervention  clearance  for  a 
further  30  minutes  was  then  performed.  Com- 
parison of  the  amount  of  radioaerosol  cleared  from 
the  right  lung  was  made  at  60  minutes  ('7rC60) 
and  90  minutes  (9fC9())  using  repeated  measures 
ANOVA.  The  percent  cleared  at  60  and  90  min- 
utes was  significantly  increased  with  HS  (%C6() 
=  26.5%.  %=C90  =  29.4%)  and  the  combination 
of  AML  -I-  HS  (%C60  =  23.  i  %,  %cC90  =  27.4% ) 


A  Conve/,. 


SAN  DIEGO 

November  3-6,  1996,  Sunday- Wednesday 


compared  with  both  IS  (%C60  =  14.7%,  %C90 
=  17.5%)  and  COUGH  (%C60  =  18.0%,  %C90 
=  19.5%),  p<0.01.  Inhalation  of  hypertonic  saline 
is  a  potentially  useful  treatment  in  patients  with 
cystic  fibrosis. 

Does  Oxygen  Help  Dyspnea  in  Patients  with 
Cancer?— S  Binith.  MJ  Kelly,  NPCox,  L  Adams, 
A  Gu/.  Am  J  Respir  Cnt  Care  Med  1996; 
153:1515. 

Dyspnea  in  patients  with  advanced  cancer  is  a 
common  symptom  that  is  difficult  to  treat.  This 
study  in\estigated  whether  oxygen  helps  to  relieve 
rest  dyspnea  in  patients  u  ith  ad\  anced  cancer.  In 
a  single-blind  controlled  mal,  oxygen  and  air  were 
administered  in  random  order  to  hospice  patients 
reporting  dyspnea  at  rest.  Measurements  of  arte- 
rial oxygen  saturation,  lung  function,  and  dysp- 
nea (using  a  visual  analogue  scale  [VAS]  and  Borg 
score)  were  made  before  and  after  each  gas  had 
been  given  for  15  minutes.  Data  from  38  patients 
were  used:  analysis  of  variance  revealed  that  mean 
VAS  levels  during  baseline  conditions,  breath- 
ing room  air  (59  mm),  were  significantly  reduced 
after  administration  of  either  air  (48  mm;  p  < 
0.001 )  or  oxygen  (45  mm;  p  <  0.001 );  there  was 
no  significant  difference  for  the  mean  VAS  scores 
between  oxygen  and  air  administration.  There  was 
no  statistically  significant  order  of  treatment  effect. 
There  was  no  difference  in  the  response  to  oxy- 
gen or  air  in  patients  with  a  history  of  cardio- 
pulmonary disease.  The  improvement  in  dyspnea 
with  oxygen  could  not  be  predicted  from  a  sub- 
ject's initial  level  of  hypoxia.  Results  suggested 
that  benzodiazepines  may  potentiate  the  effect  of 
oxygen.  The  overall  conclusion  is  that  oxygen  and 
air  can  have  a  significant  effect  in  reducing  dys- 
pnea at  rest  in  patients  with  advanced  cancer. 

Correction  of  Blood  pH  .Attenuates  Changes 
in  Hemody  naniics  and  Organ  Blood  Flow  dur- 
ing Permissive  Hypercapnia  -VJ  Cardenas  Jr. 
IB  Zwischenberger,  W  Tao,  PJ  Nguyen,  T 
Schroeder,  LD  Traber,  DL  Traber,  A  Bidani.  Crit 
Care  Med  1996;24(5):g27. 

OBJECTIVES:  To  determine  whether  changes 
in  cardiac  output,  regional  blixKl  flow,  and  intracra- 
nial pressure  during  permissive  hypercapnia  are 
blixxl  pH-dependent  and  c;ui  be  attenuated  by  cor- 
rection of  inffava.scular  acidemia.  DESIGN:  Pros- 
pective, controlled  study.  SETTING:  Research 
laboratory.  SUBJECTS:  Female  Marino  ewes. 
INTERVENTIONS:  Animals  were  insuoimented 
u  ith  a  pulmonary  artery  catheter,  femoral  arte- 
rial and  venous  catheters,  a  catheter  in  the  third 
cerebral  ventricle,  and  ultrasonic  flow  probes  on 
I  he  left  carotid,  superior  mesenteric,  and  left  renal 
arteries  1  week  before  experimentation.  At  ini- 
tiation of  the  protocol,  ewes  underwent  endo- 
tracheal intubation  and  mechanical  ventilation 
under  general  anesthesia.  Minute  ventilation  was 
reduced  to  induce  hypercapnia  with  a  target  PaCO; 
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to  San  Df«9o,  Mlhrnlis 


San  Diego,  Califomia...a  picture-perfect  vacation  destination  where 
you  can  explore  the  ocean  depths  of  Sea  Worldf  go  wild  at  the 
world  famous  San  Diego  Zoo,  head  south  of  the  border  to  Tijuana, 
kick  back  and  enjoy  the  sun-bleached  beaches  of  Mission  Bay,  and 
partake  of  the  exciting  AARC  Annual  Meeting. 

To  piaure  yourself  in  this  exciting  vacation  package,  circle  number  84 
on  the  reader  service  card  in  this  issue,  request  any  other  material 
you  might  like  to  receive,  complete  the  requested  information,  and  mail 
the  card. 

Your  picture-perfea  vacation  includes: 

■  Round-trip  air  transportation  to  San  Diego  for  two,  November  2-6,  1996 

•  4  nights  hotel  accommodations,  including  room  tax,  at  a  selected 
San  Diego  hotel,  November  2-S,  1996 

■  Admission  to  the  AARC  Annual  Meeting,  November  3-6,  1996 
(Sunday-Wednesday) 


Official  Rules:  No  purchase  necessary.  To  enter,  circle  number  84  on  the  reader  service 
card  in  this  issue,  request  any  other  material  you  might  like  to  receive,  then  complete 
your  name,  address,  telephone  number,  and  other  information  requested.  Mail  the 
postage^paid  card  to  AARC  Publications,  P.O.  Box  11605,  Riverton,  NJ  08076  7205. 
Entries  must  be  received  no  later  than  midnight  September  1 ,  1996.  Prize  is  valid  for 
travel  only  November  2-6,  1996.  Entrants  must  be  at  least  1 8  years  of  age.  Illegible 
entries  will  be  disqualified.  AARC  Times  and  Respiratory  Care*  are  not  responsible  for 
late,  lost,  damaged,  or  misdirected  mail.  The  winner  will  be  selected  in  a  random 
drawing  at  Daedalus  Enterprises,  11030  Abies  Une,  Dallas,  TX  75229-4593  on  or  about 
September  5,  1996.  Federal,  state,  and  local  taxes  are  not  included  in  prize  package. 
Meals,  gratuities,  and  all  other  expenses  not  specified  herein  are  the  responsibilities 
of  the  winner.  Void  where  prohibited  by  law,  and  all  federal,  state,  and  local  laws  apply. 
NO  substitution  for  prizes.  Prizes  are  not  transferable  and  are  not  redeemable  in  cash. 
The  winner  will  be  notified  by  mail  or  telephone. 


Circle  84  on  reader  service  card 
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The  South  Carolina  Society  for  Respiratory  Care 

and  the 
American  Association  for  Respiratory  Care   ^ 

Special  Pre-Coiivention  Seminar 


Monday,  September  23, 199^BB|^ileston,  South  Carolina 


The  1996  Annual 

/■ention  of  the  South 

Carolina  Society  will  be  held 

Tuesday  through  Thursday, 

September  24-26, 

at  the  Hilton  Hotel 

in  beautiful  Charleston.  This 

year's  convention  will  be 

preceded  by  a  special  seminar 

organized  in  cooperation 

with  the  American 

Association  for  Respiratory 

Care.  The  seminar  will 

present  timely  information 

on  how  respiratory  care 

practitioners  and  their 

employers  can  change  and 

benefit  from  today's  hospital 

restructuring  programs. 

The  seminar  is  approved  for 

6  hours  of  continuing 

respiratory  care  education 

(CRCE)  credit  by  the  AAR< 
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For  additional  program  information, 

registration  form,  and  hotel  reservation  for 

this  special  seminar  and  the  South  Carolina 

Society  annual  meeting,  please 


SCSRC,  P.O.  Box  21801 
Columbia,  SC  29220-1801 


Trish  Blakely  RRT  at  (803)  771-5405 
Laura  Lucas  RRT  at  (803)  771-5535 


►uccessTur  strategies  tor  lomorrow 
Respiratory  Care  Services 


i 


9:00  a.m.  -  9:05  a.m. 
Program  Overview 

9:05  a.m.  -  9:55  a.m. 

The  Needs  of  Health  Care  Systems  in  the  Future — Emerging  Trends  and 
Expanding  Skills  Inventory  presents  the  forces  impacting  on  health  care  -^^ 
dehverj'  and  the  response  by  dehvery  systems.  Reviews  past,  present,  and  future| 
reimbursement  mechanisms  and  the  response  of  deHverv  systems  to  incentives  J 
they  create.  Explains  the  impact  of  expanding  post  acute  services,  opportunitiesjj 
for  RCPs,  and  the  skill  sets  required  to  add  value  in  future  health  care  systems. 

10:00  a.m.  -  10:55  a.m. 

Providing  Value  in  Acitte  Care  Facilities — Managing  Demand  for  Services 
defines  the  value  added  by  RCPs  in  present  and  future  acute  care  facilities. 
Describes  how  to  sell  decision-makers  on  the  value  of  using  guidelines  and 
protocols  to  ensure  appropriate  utilization.  Defines  resources  and  suppon 
required  to  implement  a  utilization  control  program.  Presents  a  case  study  of  a 
department  that  has  been  successful  in  ensuring  appropriate  utilization. 

11:00  a.m.-  11:55  a.m 

The  Post  Acute  Environment — Skilled  Nursing  Facilities,  Subacute,  and  Home 
Care  identifies  market  forces  and  governmental  regulations  that  foster  growth 
in  the  post  acute  environment.  Discu.sses  the  opportunities  for  RCPs  created  by 
government  and  private  managed  care  contracting.  Reviews  the  mechanism  for 
reimbursement  of  respiratory  care  services  in  post  acute  sites  and  the  current 
HCFA  scrutiny  of  transfer  agreements. 

1:30  p.m.  -  2:25  p.m. 

Respiratory  Care  in  Group  Practice  and  Disease  Management  explores 
opportunities  for  RCPs  as  mid-level  providers  in  capitated  physician  group 
practice.  Defines  disease  management  and  explains  why  asthma  patients  arc 
ideal  candidates  for  disease  management  programs.  Identifies  skill  sets  required 
by  mid-level  providers  and  explains  why  RCPs  add  unique  value  to  respiraii'i  -. 
disease  management  programs. 

2:30  p.m.  -  3:25  p.m. 

Respiratory  Care  in  the  Future:  Integrated  Care  Delivery  Systems  describes 
market  forces  encouraging  the  development  of  integrated  care  deliver)'  systems. 
Reviews  current  and  projected  penetration  of  managed  care  acro-ss  the  nation 
Explains  the  components  of  an  integrated  delivery  system  and  the  competiti\  i 
advantage  afforded  by  the  system.  Presents  a  proposed  respiratory  care  service 
structure  to  meet  the  needs  of  an  integrated  care  delivery  system. 

3:30  p.m.  -  4:25  p.m. 

Marketing  and  Selling  Your  Service  and  Your  Services  presents  a  systematic 
approach  to  devclopint;  new  or  expanded  ,ser\'ices.  Discusses  fundamentals  ot  a 
business  plan  and  techniques  for  successfully  presenting  ideas  to  organizational 
decision-makers.  Reviews  common  pitfalls  to  avoid. 
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of  80  ton- ( 10.7  kPal,  In  ihc  pH-uncorrected  group 
( n  =  6).  artenal  blmxl  pH  «  as  allow ed  to  decrease 
without  treatment.  In  the  pH-corrected  group  (n 
=  5).  14.4  niEq/kg  of  sodium  bicarbonate  was 
given  intravenoush  as  a  bolus  to  correct  arterial 
blood  pH  low ard  a  tiirget  iirtenal  pH  of  7.40  (dose 
calculated  by  the  Henderson-Hasselbalch  equa- 
tion). ME.ASUREMENTS  &  MAIN  RESULTS: 
Arterial  blood  pH.  Pco;-  cardiac  output,  intracra- 
nial pressure,  and  carotid,  superior  mesenteric,  and 
renal  artery  blood  flow  rates  were  measured  at  nor- 
mocapnic  baseline  and  at  e\'ery  hour  during  hyper- 
capnia  for  6  hours.  In  the  pH-uncorrected  group, 
arterial  blood  pH  decrea.sed  from  7.41  ±  0.0,^  at 
normocapnia  to  7. 14  ±  0.01  (p  <  0.01  vs  normo- 
capnia) as  blood  Pco:  increased  to  8 1 .2  ±  1.8  torr 
( 10.8  ±  0.2  kPa).  In  the  pH-corrected  group,  arte- 
rial blood  pH  was  7.42  +  0.02  at  normocapnia  and 
was  maintained  at  7.37  ±  0.01  while  Paco;  was 
increased  to  80.,^  ±  0.9  torr  (10.7  +  0. 1  kPa).  Sig- 
nificant increases  in  cardiac  output  occurred  with 
the  initiation  of  hypercapnia  for  both  groups  I  pH- 
uncorrected  group:  4.3  ±  0.6  L/min  at  normocapnia 
vs  6.8  ±  1 .0  L/min  at  I  hour  [p  <  0.05|;  pH-cor- 


rected  group:  4. 1  ±  0.4  at  normocapnia  vs  5.7  ± 
0.4  L/min  at  I  hour  (p  <  0.05]).  However,  this 
increase  was  sustained  only  in  the  uncortected 
group.  Changes  in  carotid  and  mesenteric  artery 
blood  flow  rates,  as  a  percent  of  baseline  values, 
show  ed  sustained  significant  increases  in  the  pH 
uncortected  groups  (p<0.05)  and  only  transient 
(carotid  at  1  hour)orno(superior  mesenteric)  sig- 
nificant change  in  the  pH-cortected  groups.  Con- 
versely, significant  increases  in  renal  artery  blood 
fiow  were  seen  only  in  the  pH-uncorrected  group 
during  the  last  2  hours  of  the  experiment  (p  <  0.05). 
Organ  blood  fiow.  as  a  percent  of  cardiac  output, 
did  not  change  significantly  in  either  group. 
Intracranial  pressure  increased  significantly  in  the 
pH-uncortected  group  (9.0  ±  1 .5  mm  Hg  at  nor- 
mocapnia vs  26.815.1  at  I  hour.  p<  0.05).  and 
remained  increased,  while  showing  no  significant 
change  in  the  pH-corrected  group  (8.5  ±  1 .6  mm 
Hg  at  normocapnia  to  7.7  ±  4.2  at  1  hour).  CON- 
CLUSIONS: Acute  hypercapnia.  induced  within 
I  hour,  is  associated  with  significant  increases  in 
cardiac  output,  organ  blood  flow .  and  intracranial 
pressure.  These  changes  can  be  significantly  atten- 


uated by  cortection  of  blood  pH  with  the  admin- 
istrauon  of  sodium  bicarbonate,  without  adverse 
effects  on  hemodynamics. 

Liquid  .\ssisted  N'entilation:  \n  .\lternative 
\  entilatory  Strategy  for  ,\cute  Meconium  Aspi- 
ration Injury — R  Loust  111.  NN  Tran.  C  Cox.  TF 
Miller  Jr.  JS  Greenspan.  MR  Wolfson.  TH  Shaf- 
fer. Pediatr  Pulmono!  1996:21:316. 

Evidence  of  surtactant  inactivalion  by  meconium 
has  led  to  the  use  of  exogenous  surfactant  ther- 
apy in  the  management  of  meconium  aspiration 
syndrome  (MAS).  Liquid  assisted  ventilation  has 
been  shown  to  improve  the  cardiopulmonary  func- 
tion in  lungs  w  ith  high  surface  tension.  We  com- 
pared exogenous  surtactant  therapy  w  ith  liquid 
assisted  ventilation  in  the  management  of  exper- 
imental acute  meconium  aspiration  injury .  Thirty- 
two  newborn  lambs  were  ventilated  at  peak  inspi- 
ratory pressures  of  13-16  cm  H;0.  positive 
end-expiratory  pressure  of  3-4  cm  HiO.  fractional 
inspired  oxygen  concentration  (FioO  of  1 .0.  and 
a  respiratory  frequency  range  between  30  and  35 


Don't  miss  the 

Open  Forum 

at  the 

1996  International 

Convention  &  Exhibition 

of  the 

American  Association 

for  Respiratory  Care 

San  Diego,  CaUfornia 
Nov.  3-6 


Advance  Your  Health 
Care  Career! 

Ecini  ]  viir  Degree  at  Home! 

.\chieve  Success  Throi^  Distance  Education! 

Get  the  edutaliunal  credentials  yim  need  tu  ad\.iiiie 
your  career  —  without  spending  extra  time  and 
money  attending  an  on-campus  universit)'.  Choose 
from  (California  College  for  Health  Sciences'  exciting; 
line-up  of  .Associate's.  Bachelor's,  and  .Master's 
Degree  Programs,  You'll  enjoy  the  benefits  thai  come 
with  respected  credentials  in  any  one  of  10  fast 
growing  health  care  specialties. 

■  Accredited  member.  Distance  Education  and 
Training  Council. 

•  You  can  receive  credit  for  work  experience 
or  previous  colle.i'e-level  education. 


CMORSENDFOR 
FREE  I\F0R.M\T10N! 

1-800-221-7374'^^'^ 


438 


httpVAiTtTs.cchs.edu 

\ii  I ihhiiiilMi  All  !tiiliiv 


(7ill  today  or  send  this  coupon  to: 

1  luJ,  1 « am  10  find  oul  more  about  eaming  my  degree  at 
home  «]tli  California  College-  lor  Health  Scicna'^ 
CImose  one  of  the  foflon'i'iig  Degree  Programs: 
Associate  of  Science  Degree  Programs 

n   Ropirjiiiu  Trjini.un  D   Hopiralua Tliefapisl 

3   F.i:0  Teclinoloaisl  D  .Mciiical  Transcnplinnisl 

□  Ejtk  Childln..«i  EJijtjiion    D  AlliriHallli 


CCHS 


Dep[.-i3H.  222  WcM  2  till  ,M. 
National  Cit}-.CA^)19^ri 

cchsinfoScchs.edu 


Bachelor  of  Science  in  Health 
Services  Degree  Programs 

D  Emphiib  in  Respiralon  Care 
n  Emphasis  in  PoIy.'M.imrnigraphy 
D  EmphiMs  in  Manjci'ment 

Master's  Degree  Program 

D  CommunitY  Hejith  .Wminisiralion 
anil  Wellness  Promiilittn 


Name 


Citv/Slate 

Phone (         )_ 
Hospiul  Fjcilih'  ^ 


_Apt  --_ 
_Zip 


E-mail  address:  _ 


Circle  99  on  reader  service  card 


Respiratory  Care  •  August  "96  Vol  41  No  8 


691 


Abstracts 


breaths/min.  Baseline  arterial  blood  gases,  pul- 
monary' function,  and  arterial  blood  pressure  mea- 
surements were  taken.  All  lambs  were  given  2-3 
mL/kg  ot  an  untiltered  25'^i  meconium  solution. 
Lambs  were  Ihen  randomized  into  either  gas-ven- 
tilated meconium  control,  or  I  of  i  treatment 
groups:  ( I )  surfactant;  (2)  partial  liquid  ventila- 
tion (PLV):  or  (3)  total  liquid  ventilation  (TLV) 
for  4  hours  after  meconium  injury.  All  treated 
groups  demonstrated  a  significant  lncrea.se  in  arte- 
rial oxygenation  (p  <  0.05);  surfactant  and  PLV- 
trealed  liuiibs  demonstrated  significantly  decreased 
arterial  Pet).  (p<  0.0.5).  Compliance  in  all  groups 
increa.sed  compared  with  injury  values;  compli- 
ance of  the  TLV  group  increased  more  than  in  all 
other  treatment  groups  (p  <  0.0.5).  In  addition,  lung 
histology  of  the  TLV  group  demonstrated  clear, 
intact  alveolar  epithelium  and  homogeneously 
expanded  alveoli,  while  no  such  improvement  was 
evident  in  the  other  groups.  These  data  suggest 
roles  for  both  exogenous  surfactant  therapy  and 
liquid  assisted  ventilation  techniques  in  the  man- 
agement of  M.AS. 

Accuracy  and  Keliabilitv  of  Disposable  Pres- 
sure Tran.sducers  Coupled  with  Modern  Pres- 
sure Monitors — RM  Gardnci.  Cnt  Care  Med 
1996;24(5);879. 

OBJECTIVE:  To  detennine  the  bedside  accuracy 
of  direct  patient  pressure  monitormg  when  used 
with  new  and  clinically  used  disposable  hknid  pres- 
sure (BP)  transducers.  DESIGN:  Prospective  study. 
SEHTING:  Laboratory  bench  and  critical  care  units 
in  an  adult  and  children's  hospital.  SUBJECTS: 
Seventy-five  bedside  patient  monitors  (25  Mar- 
quette Electronics,  25  SpaceLabs  Medical,  and 
25  Hewlett-Packard),  and  100  disposable  trans- 
ducers (50  from  Utah  Medical  Products  and  50 
from  Abbott  Critical  Care  Systems  (25  new,  25 
clinically  used  of  each  manufacturer) )  were  tested. 
INTERVENTIONS:  None.  MEASUREMENTS 
&  MAIN  RF.SIII.TS:  A  ±2%  accuracy  require- 
ment for  bedside  monitors  and  the  ±3%  Ameri- 
can National  Standards  Institute  accuracy  stan- 
dard for  disposable  BP  transducers  were  used.  To 
test  the  accuracy  of  the  bedside  monitors,  a  cer- 
tified transducer  simulator  was  used  to  apply  100 
mm  Hg  to  each  bedside  monitor.  To  test  the  accu- 
racy of  the  ilisposablc  BP  tiiuisducers.  a  very  accu- 
rate (±0.059f )  pneumatic  dead  weight  tester  was 
used  to  apply  pressures  to  the  transducer.  A  dig- 
ital power  supply  and  a  6  1/2  digit  \ollmeter  were 
used.  The  a\erage  output  of  the  bedside  monitors 
when  100  mm  Hg  was  applied  was  99.90  ±  0.83 
mm  Hg,  with  (he  worst  cases  being  98  and  103 
mm  Hg.  For  all  100  disposable  pressure  trans- 
ducers, the  average  output  was  1(X).03  ±  0.55  mm 
Hg.  with  the  worst  cases  being  98.53  and  101.36 
when  100  mm  Ilg  was  applied.  There  was  no 
important  diltcrence  in  the  accuracy  of  the  trans- 
ducers obtained  from  the  2  \  endors  nor  w  hether 
the  transducers  had  been  used  clinically.  CON- 
CLUSIONS: All  disposable  BP  transducers  tested 


were  much  inore  accurate  than  the  American 
National  Standards  Institute  standard  for  accuracy. 
Even  the  worst  case  transducers  were  twice  as 
accurate  as  required  by  the  American  National 
Standards  Institute  standard.  Only  I  bedside  mon- 
itor was  outside  tlie  ±  2'ii  accuracy  range  ( 1 03  mm 
Hg).  Based  on  these  findings,  this  author  rec- 
ommends that  fixed  calibration  disposable  trans- 
ducers ;md  fixed  calibration  bedside  pressure  mon- 
itoring systems  be  used.  The  clinical  risks  of  air 
embolism  and  infection  from  the  calibrating  mer- 
cury manometer  and  the  complexity  of  the  cal- 
ibration task  are  the  overriding  factors  for  mak- 
mg  these  recommendations. 

Which  (iroups  of  Patients  Benefit  from  Heli- 
copter K\acuation? — R  Hotvedt.  IS  Kristiansen. 
OH  Eorde.  J  Thoner.  SM  Almdahl.  G  Bjorsvik, 
L  Berge.  AC  Magnus.  K  Mamen,  T  Sparr,  K  Ytre- 
Arne.  Lancet  1996;-347: 1.362. 

BACKGROUND:  The  evacuation  of  emergency 
cases  by  air,  usually  by  helicopter,  is  controver- 
sial because  of  the  cost  of  the  programme,  the  pos- 
sibility of  an  accident  (especially  in  an  urban  area), 
and  unproven  benefit.  But  such  evacuations  can- 
not be  studied  by  a  randoiri  inlervenUon  (eg,  air 
versus  ground  ambulance).  We  used  an  expert- 
panel  approach  to  estimate  the  health  outcome  for 
patients  transferred  by  einergency  helicopter  com- 
pared with  the  potential  outcome  if  they  had  gone 
by  surface  ambulance.  METHODS:  The  helicopter 
programme  is  based  at  the  University  Hospital  of 
Tromso  in  northern  Norway.  370  case-reports  of 
helicopter  evacuation  from  rural  areas  were 
screened  by  anaesthetists  for  routine  and  case-spe- 
cific data.  Two  expert  panels  assessed  the  cases 
for  potential  additional  health  benefit  arising  from 
the  fact  of  helicopter  evacuation.  The  panels  used 
a  modified  Delphi  technique  to  reach  consensus 
in  life-years  gained.  One  panel  met  for  cases  aged 
under  1 5  and  pregnant  w  omen,  the  other  for  older 
ca.ses.  FINDINGS:  240  of  the  370  ca.ses  were  inale 
(65%);  the  age  range  for  both  sexes  was  0-86  years. 
The  most  common  diagnosis  for  tlie  55  cases  aged 
under  15  was  infection  (49%);  in  older  patients, 
c;u"diovascular  disease  dominated  (50%).  Trauma 
accounted  for  just  under  a  fifth  of  cases  in  both 
groups.  On  average,  the  patients  arrived  69  min- 
utes (range  0-615)  eariier  in  hospital  than  if  they 
had  gone  by  ground  transport.  For  283  cases,  the 
initial  screening  by  the  anaesthetists  indicated  no 
;ulditional  benefit  compared  with  that  obtainable 
by  ground-ambulance  transport.  The  main  reason 
was  that  no  tfeatment  was  given  during  the  flight 
or  early  on  in  hospital  that  could  not  have  been 
given  otherwise.  90  cases  entered  ttie  expert  panel 
system.  Of  tliese  90. 49  cases  were  judged  to  ha\  e 
received  no  additional  benefit.  This  left  41  (11% 
of  the  total  of  370  evacuated)  who  were  judged 
to  have  benefited,  gaining  290.6  life  years.  96% 
of  the  total  number  of  life-years  gained  was 
achieved  in  9  patients.  6  of  whom  were  aged  below 
7  (4  were  aged  0-7  monlhs).  The  life-vear-gain 


per  adult  pafient  with  cardiovascular  disease  was 
0.54.  INTERPRETATION:  We  conclude  that  an 
emergency  helicopter  service  can  provide  con- 
siderable health  benefits  for  selected  patients,  at 
least  in  this  niral  setting.  Given  the  costs  and  risks 
of  such  a  service,  the  benefits  for  most  patients 
are  small.  See  the  reliileJ  ediliiritil:  Air  Ambu- 
lances: Missions  of  Mercy  or  Flights  of  Futil- 
ity. CDNuylur.  BA  McU-IUin.  Lincci  IW6:.U7: 
I348-U49. 

Cardiopulmonary  Resuscitation  on  Tcle\  islon: 
Miracles  and  Misinformation — SJ  Diem,  JD 
Lanlos,  JA  Tulsky.  N  Engl  J  Med  1996:3.34 
(24):  1 578. 

BACKGROUND:  Responsible,  shared  decision 
making  on  the  part  of  physicians  and  patients  about 
the  potential  use  of  cardiopulmonary  resuscita- 
tion (CPR)  requires  patients  who  are  educated 
about  the  procedures  risks  and  benefits.  Televi- 
sion is  an  important  source  of  information  about 
CPR  for  patients.  We  analyzed  how  3  popuUir  tele- 
vision programs  depict  CPR.  METHODS:  We 
watched  all  the  episixJes  of  the  television  programs 
ER  and  Chiccifio  Hh/H'  during  the  1994-1995  view- 
ing season  and  50  con.secutive  episodes  of  Res- 
ciie  91 1  broadca.st  over  a  3-month  period  in  1995. 
We  identified  all  occurrences  of  CPR  in  each 
epis(xle  and  recorded  the  causes  of  cardiac  arrest, 
the  identifiable  demographic  characteristics  of  the 
patients,  tlie  underK  ing  illnesses,  and  the  outcomes. 
RESULTS:  There  were  60  occurrences  of  CPR 
in  the  97  television  episodes — 31  on  ER.  1 1  on 
Chicago  Hope,  and  18  on  Rescue  91 1.  In  the 
majority  of  cases,  cardiac  arrest  was  caused  by 
trauma;  only  28%  were  due  to  primary  cardiac 
causes.  Sixty-five  percent  of  the  cardiac  arrests 
occurred  in  children,  teenagers,  or  young  adults. 
Sevenly-fi\  e  percent  of  the  patients  sur\  ived  the 
immediate  arrest,  and  67%  appeared  to  have  sur- 
vived to  hospital  dischiirgc.  CONCLUSK)NS:  Tlie 
survival  rates  in  our  study  are  significantly  higher 
tliiui  the  most  optimistic  survival  rates  in  the  med- 
ical literature,  and  the  portrayal  of  CPR  on  tele- 
vision may  lead  the  viewing  public  lo  have  an 
unrealistic  impression  of  CPR  and  its  chances  for 
success.  Physicians  discussing  the  use  of  CPR  with 
patients  and  families  should  be  aw;ire  of  the  images 
of  CPR  depicted  on  television  and  the  niisper- 
ceptions  these  mi.igcs  iiia\  losler.  Sec  tlic  iclalcd 
ediloriiil:  Cardiopulmonary  ResusciUition  on 
Television:  Exaggerations  and  Accusations.  NA 
Hacr.  N  t';i.e/  J  Med  l996:.<.Ul 24l:  IM)4-  IM)S. 

Psychological  Impact  of  Populadon-Bast'd  Car- 
rier Testing  for  Cystic  librosis:  3-^  ear  Follow - 

Up— D  Axworthy.  DJH  Brock.  M  Bobrow,  TM 
Marteau,  for  the  UK  Cystic  Fibrosis  Follow-up 
Study  Group.  Lancet  1996:347:1443. 

BACKGROUND:  Tlie  obiecli\e  of  this  study  was 
to  show  tlie  long-tenii  psychological  effects  of  pop- 
ulation-based screening  for  cystic  fibrosis.  METH- 
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ODS:  The  sample  comprised  all  carriers  (n  =  435) 
and.  for  each  carrier.  2  matched  screen-negative 
individuals  (n  =  870)  detected  during  screening 
programmes  for  cystic  fihrosis  in  the  general  pop- 
ulation and  in  antenatal  populations  ciuried  out 
a  median  of  3  vciirs  earlier  in  6  UK  centres.  Ques- 
tionnaires were  sent  to  all  eligible  participants, 
with  reminders  sent  lo  nonresponders.  The  main 
endpoinLs  were  understanding  of  test  results,  degree 
of  anxiety,  perceptions  of  health,  and  reproduc- 
tive intentions,  and  behaviour.  FINDINGS:  746 
(62%)  of  1201  questionnaires  were  returned.  Recall 
of  the  meaning  of  test  results  was  accurate  in  225 
(80%)  of  280  carriers  but  only  200  (43% )  of  466 
screen-negative  individuals.  46  (16%)  of  280 
proven  c;irriers  believed  that  their  result  meant  that 
they  were  only  likely,  rather  than  dellnitely.  lo  be 
a  carrier;  232  (50% )  of  466  of  those  w  ith  a  screen- 
negative  result  enroneously  believed  ihal  the  result 
meant  that  they  were  definitely  not  carriers.  There 
was  no  significant  difference  between  carriers  and 
screen-negative  individuals  in  degree  of  general 
an.xiety.  although  16%  of  carriers  reported  feel- 
ing worried  about  their  test  results.  Carriers  had 
a  poorer  perception  of  (heir  current  health  than 


did  noncarriers.  even  though  they  had  been  told 
that  c;irrier  status  confers  no  disadvantages  to  their 
own  health.  There  were  no  differences  between 
carriers  and  screen-negative  individuals  in  repro- 
ductive intentions  or  behaviour.  INTERPRE- 
TATION: We  have  shown  that  in  the  long-term, 
retention  of  the  meaning  of  test  results  from  cys- 
tic fibrosis  screening  is  poor.  Further  research  is 
needed  to  improse  the  pertonnance  of  test-related 
counseling  programmes  to  ensure  that  the  main 
objectives  of  these  programmes,  lo  provide  infor- 
mation on  carrier  status  and  to  allow  informed 
reproductive  decisions,  are  met. 

CI()scd-l.<K)p  Control  of  .Vin\ay  (K'clasion  Pres- 
sure a(  (1.1  Second  (Pn  1 1  .Applied  to  Pressure- 
Support  \  entilatlon:  .\l}>(>rithni  and  .Appli- 
cation in  Intubated  Patients — (i.A  lotli,  I.X 
Brunner.  A  Braschi.  T  Laubscher.  MC  Olivei.  A 
Palo.  C  Galbusera.  A  Comelli.  Crit  Care  Med 
1996:24(5):77I. 

OBJECTIVE:  Airway  occlusion  pressure  at  0. 1 
second  (Pn  i )  is  an  index  of  respiratory  center  out- 
put. During  pressure-support  ventilation.  Po j  cor- 
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relates  with  the  mechanical  output  of  the  inspi- 
ratory muscles  and  has  an  inverse  relationship  with 
the  iunount  of  pressure-support  \entilation.  Based 
on  these  observations,  we  designed  a  closed-lcxip 
control  which,  by  automatically  adjusfing  pres- 
sure-support venfilation.  stabilizes  Pn  |.  and  hence 
patient  inspiratory  acti\  ity.  at  a  desired  target.  The 
purpose  of  the  study  was  to  demonstrate  the  fea- 
sibility of  the  method,  rather  than  its  efficacy  or 
even  its  influence  on  patient  outcome.  DESIGN: 
Prospective,  randomized  trial.  SETTING:  A  gen- 
eral intensive  care  unit  of  a  university  hospital  in 
Italy .  P.ATIENTS:  Eight  stable  patients  intubated 
and  ventilated  with  pressure-support  ventilation 
lor  acute  respiraUiry  lailure.  INTERVENTIONS: 
Pa(ien(s  were  transiently  connected  to  a  computer- 
controlled  ventilator  on  which  the  algorithm  for 
closed-liKip  control  wa.s  implemented.  Hic  closed- 
loop  control  was  based  on  breath  by  breath  mea- 
surement of  Po.i  and  on  comparison  with  a  tar- 
get set  by  the  user.  When  actual  Po  i  proved  to  be 
higher  than  the  target  value,  the  Pn  i  controller  auto 
matically  increased  pressure-support  ventilation, 
and  decreased  it  when  Po  i  proved  to  be  lower  than 
the  target  value.  For  safety,  a  volume  controller 
was  also  implemented.  Four  Pu  i  targets  ( 1.5.  2.5. 
3.5.  and  4.5  cm  H;0)  were  applied  at  random  for 
15  minutes  each.  MEASUREMENTS  &  MAIN 
RESULTS:  The  closed-loop  algorithm  was  able 
to  control  Po  |.  w  ith  a  difference  from  the  set  tar- 
gets of  0.59  ±  0.27  (SD)  cm  H2O.  CONCLU- 
SIONS: The  study  shows  that  Pn.i  can  be  auto- 
matically controlled  by  pressure-support  vendlation 
adjusdnenls  vviih  a  computer.  Inspiratory  activ- 
ity can  thus  be  stabilized  a(  a  level  prescribed  by 
(he  physician. 

Mcasuremenl  of!  Aing  Kuiu'(ii>n  in  Awake  2  - 
4-^  tar-Old  Asthmatic  Children  durinf;  Metha- 
chollne  Challenge  and  Acute  Asthma:  A  Com- 
parison of  the  impulse  Oscillation  Technique, 
the  inlernipter  i'echnique.  and  i  raivscutaneoiis 
Measurement  of  Oxygen  versus  \\  hole-iJodv 
Plethysmography — B  Klug.  H  Bisgaaid.  Pedi- 
alrPulmonol  1996:21:290. 

This  study  cv  alua(ed  3  (echnicjues  for  (esting  of 
lung  function  in  young  awake  children.  We  com- 
pared measurements  by  the  forced  or  impulse 
oscillation  technique  (lOS).  the  interrupter  tech- 
nique ( IT  I.  and  (ranscutaneous  measurements  of 
oxygen  ((cPq:)  w  i(h  concomitant  measurements 
of  s|iecific  airw  ay  a'sistance  ( sR.,„ )  during  metha- 
choline  challenge  in  20  s(able  asihmafic  children. 
2-4  years  old.  Measuremenls  were  [XTfonned  with 
all  techniques  after  each  dose  of  metliacholine  and 
after  inhalation  of  a  bronchodilator.  Measurements 
were  carried  out  during  tidal  breathing  using  a 
face-mask  with  a  built-in  mouthpiece.  The  rank- 
ing of  sensitivity  was  as  follows:  sR^n  >  lOS.  res- 
piratory reactance  at  5  Hz  (Xrs5)  >  tcPo;  >  inter- 
rupter resistance  (Rint)  >  lOS.  respiratory 
resistance  at  5  Hz  (RrsSl.  The  sensitivity  of  sR.i„ 
and  Xrs5  was  not  sii;nificantlv  dilTerenl.  but  both 
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A  Your  "Cool  Cat"  will  love  to  wear  the  "Cool  Cats 
Don't  Smoke"  logo  on  this  50/50  blend  white  T-shirt. 
Sizes  small  (2-4),  medium  (6-8),  large  (10-12),  and  extra 
large  (14-16)  available. 
Item  R54  $8.50  ($11.50  nonmembers) 

Dragon  T-Shirt 

B  Bright  colors  and  a  play  on  words  to  promote  no 
smoking  make  this  a  fun  shirt  to  wear.  Available  in  50/50 
white  cotton/polyester  blend,  sizes  medium,  large,  extra 
large,  and  extra-extra  large. 

Item  R49  $10  ($15  nonmembers) 

Aihl  S2.  50  far  c\tr,i-c\l)\i  /.()-,i;i'. 

1996  RC  Week  Poster 

C  "There  is  no  substitute  for  \'Our  respiratory  care 
practitioner."  Make  a  statement  with  this  18"  by  24" 
attention-grabbing  poster. 

ltemR15  $4  ($8  nonmembers) 


To  order  by  credit  card  or  purchase  order,  call  the  RC  Week  Hotline  at  (214)  406-4684. 


V; 


'/ 


r  J  r 


z' 


m.ji«fiMdit,u 


itsmtift  dm  FitUltimf 

1996  RC  Week  T-Shirt 

Sporr  this  bright-colored  T-shirt  design, 
which  procLiinis  that  there  is  no  substitute 
lor  your  expertise  as  an  RCP.  Available  in 
50/50  white  cotton/polyester  blend,  sizes 
medium,  large,  extra  large,  and  extra-extra 
large. 

ltemR16  $9.75  ($11.50  nonmembers) 

All  J  $2.^0  jor  cxlra-cxtra  large. 


^Pi-UtKl^ls^i'Sd^fkU  i 


1 996  RC  Week  Sweatshirt 

Ihere  is  no  substitute  lor  vour  respiratory 
care  practitioner  or  this  heavyweight,  50/50 
blend  teal  sweatshirt  (left)  with  colorful 
embroidered  logo  (above).  Medium,  large, 
cxtr.i  large,  and  extra-extra  large  available. 

ltemR19  $25  ($30  nonmembers) 

Add  S2.}0for  extra-extra  large. 


Ihere        .  .,, 


1 996  RC  Week  Cap 

Complete  your  RC  Week  ensemble  with 
this  black  and  teal  cap.  Matches  both  the 
RC  Week  T-shin  and  sweatshirt.  One  size 
fits  all. 

Item  R17  $6.50  ($9  nonmembers) 


J^ 


There  Is  No  Substitute  ^^^  Healthy  Lurks 
And  Your  Respiratory  Care  Practitionef 


^^ 


Display  Banner 

A  Put  the  finishing  touch  on  vour  RC  Week  display  with 
tiiis  striking  black  banner  with  bright  red,  green,  yellow, 
.ind  blue,  r  by  8'. 

Item  R4  $11  ($15  nonmembers) 

Balloons 

B  Bright,  primary  colors  display  a  new  message  that 
promotes  both  smoking  cessation  and  the  respiratory 
care  profession.  Package  of  100  9"  round  latex. 

Item  R1    $11  ($13.50  nonmembers) 

Foil  Balloons 

C  Bright  colors  display  your  RC  Week  message  on  these 
18"  silver  m\lar  balloons.  Package  of  3. 

Item  R2  $5  ($10  nonmembers) 

For  iajcty  's  sake,  do  not  release  jod  Ihilloom  near  power  lines. 


RCP  Buttons 

D  These  buttons  make  great  giveaways  for  your  RC 
Week  celebration.  Package  of  20.  Safety-back  pin. 

Item  R88  $8  ($12  nonmembers) 


Abstracts 


were  significantly  more  sensitive  than  Rint  and 
Rrs5;  the  sensitivity  of  tcPo;.  Rint,  and  Rrs5  was 
not  significantly  different.  Measurements  in  8  of 
the  subjects  perfomied  during  an  episode  of  acute 
asthma  yielded  comparable  results  in  regard  to 
the  sensitivity  of  the  techniques.  Measurements 
improved  significantly  after  bronchixiilator  admin- 
istration; however,  the  response  to  hronchodilator 
tended  to  be  less  during  acute  asthma  and  was  best 
demonstrated  by  a  deterioration  of  tcPo;.  All  the 
evaluated  techniques  reliably  reflect  short-term 
changes  in  respiratory  function  and  can  provide 
clinically  useful  estimates  of  airway  function.  The 
techniques  are  noninvasive,  are  not  dependent  on 
the  active  cooperation  or  sedation  of  the  subjects, 
and  therefore  are  well  suited  for  routine  use  in 
young  children. 

Hand-Held  Blood  Gas  .\nalyzer  Is  .\ccurate 
in  the  Critical  Care  Setting — GP  Zaloga.  PR 
Roberts,  K  Black.  JT  Santamauro.  E  Klase,  M 
Suleiman.  Crit  Care  Med  19%;24(6):957-962. 

OBJECTIVE:  To  determine  the  accuracy  of  a  new. 
portable,  battery-powered  bkxxi  gas  analyzer  w  hen 
used  by  nonlaboralory -trained  clinicians  in  tlie  crit- 
ical care  setting.  DESIGN;  Prospective  analysis 
of  blood  samples  from  critically  ill  patients.  SET- 
TING: Large  tertiary  critical  c;ire  unit.  PATIENTS: 


Heterogeneous  group  of  medical  and  surgical  crit- 
ically ill  patients.  INTERVENTIONS:  None. 
MEASUREMENTS  &  MAIN  RESULTS:  Two 
hundred  thirt\  -nine  split  blotxl  samples  from  inten- 
sive care  patients  were  analyzed  by  clinicians  in 
the  critical  care  environment  using  a  new ,  portable, 
battery-powered  blood  gas  analy/er  (Immediate 
Response  Mobile  Analyzer  |IRMA'"|,  Diamet- 
rics  Medical.  St  Paul  MN).  Near-patient  mea- 
surements were  compared  with  measurements 
obtained  by  laboratory  technologists  using  an  IL- 
13 12  blood  gas  analyzer  (Instrumentation  Lab- 
oratories. Lexington  MA)  in  an  established  near- 
patient  critical  care  laboratory.  Precision  and 
coefficients  of  variation  were  also  detemiined  using 
repealed  testing  of  quality  control  samples  at  .^ 
le\els  of  pH.  Po;.  and  Pfo;.  There  was  good  agree- 
ment between  IRMA  determinations  and  the  lab- 
oratory. Correlation  coefficients  ranged  from  0.96 
to  0.99.  Bias  and  precision  (±  2  SD).  respectively, 
were  0.02  and  0.036  units  for  pH,  -0.3  ton  (-0.04 
kPa)  and  7.2  torr  (0.96  kPa)  for  Pco;.  and  -3.9 
torr  (-0.52  kPa)  and  1 3.8  torr  ( 1 .8  kPa)  for  Pq.. 
Precision  on  repeated  testing  of  quality  control 
samples  ranged  from  0.022  to  0.(M  units  for  a  pH 
of7.2io7.6,  1. 2 to 4.6 torr (0.1 6 to 0.6 1  kPalfor 
a  Pco;  of  20  to  60  torr  (2.7  to  8  kPa).  and  3.0  to 
7.4  torr  (0.40  to  0.99  kPa)  for  a  Po:  of  70  to  160 
torr  (9.3  to  21.3  kPa).  Coefficients  of  variation 
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ranged  from  0. 1 5%  to  0.28%  for  a  pH  of  7.2  to 
7.6,  2.0%  to  3.7%  for  a  Pco:  of  20  to  60  torr  (2.7 
to  8.0  kPa),  and  1 .7%  to  3.6%  for  a  Pq:  of  70  to 
1 60 torr  (9,3  to  2 1. 3  kPal.  Mean  turnaround  time 
was  16.5  +  10. 1  minutes  for  the  near-patient  lab- 
oratory and  2  ±  0.5  minutes  for  IRM.'X,  CON- 
CLUSIONS: IRMA  is  accurate  and  reproducible 
when  used  in  the  clinical  setting  by  nonlabora- 
tory-trained  individuals.  Nonlaboratory-trained 
individuals  can  obtain  laboratory  results  in  the  crit- 
ical care  setting  comparable  with  the  results 
obtained  by  miined  laboratory  technologists.  Bed- 
side laboratory  testing  decreases  turnaround  time 
compared  with  a  near-patient  laboratory. 

Breathing  Mca.surement  Reduces  False-Neg- 
ative Classification  of  Tachypneic  Prcextu- 
bation  Trial  Failures— CB  DeHa\cn.  OC  Kir- 
ton.  JP  Morgan.  AML  Hart.  DV  Shatz.  JM  Ciseita. 
Crit  Care  Med  1996:24(6):976-980. 

OBJECTIVES:  There  is  increased  awareness  of 
imposed  work  of  breathing  contributing  to  appar- 
ent ventilatory  dependency.  This  study  evaluates 
the  impact  of  tachypnea  as  an  indicator  of  ven- 
tilatory failure  during  a  room  air-5  cm  H;0  con- 
tinuous positive  airway  pressure,  spontaneous 
breathing,  preextubation  Dial  when  associated  with 
increased  imposed  work  of  breathing.  DESIGN: 
Prospective,  descriptive.  I -year  data  collection, 
SETTING:  University  hospital  trauma  intensive 
care  unit  (ICU).  PATIENTS:  Mech;mically  ven- 
tilated trauma  ICU  patients  sun  i\  ing  to  discharge. 
INTERVENTION:  Patients  were  weaned  to  min- 
imal mechanical  \  entilator  support  and  underwent 
a  20-ininute  room  air-continuous  positive  airway 
pressure  preextubation  trial  (Fio-  =  0.21,  con- 
tinuous positive  airway  pressure  =  5  cm  HiO  [0,5 
kPa]),  When  passed  (PaO:^  55  ton  (>7.3  kPa], 
PaCO:  S  45  ton  |<  6.0  kPa]  with  prior  eucapnea. 
arterial  pH  >  7.35.  respiratory  rate  <  30  breaths/ 
mini,  extubation  followed.  If  patients  failed  due 
to  hypoxemia,  ventilatory  support  resumed.  If 
tachypnea  was  the  reason  for  failure,  work  of 
breathing  w  as  measured.  If  patient  u  ork  of  breath- 
ing was  <  1 . 1  joule/L.  extubation  proceeded  de.spite 
tachypnea.  If  patient  w  ork  of  breathing  was  >  I .  I 
jouIe/L.  imposed  work  of  breathing  was  measured, 
and  if  residual  "physiologic"  work  of  breathing 
(patient  work  of  breathing  minus  imposed  work 
of  breathing )  was  <  OS  joule/1-,  patients  were  exm- 
bated.  MEASL'REMENTS  &  MAIN  RESULTS: 
Of  589  extubations.  1 05  ( I  S^i )  were  classified  as 
false  negatives  based  on  a  preextubation  rate  of 
>  30  breaths/min.  Of  these.  97  were  successfully 
extubated  despite  tachypnea  ranging  from  32  to 
56  breaths/min.  when  combined  with  either  a 
patient  w  ork  of  breathing  <  I ,  I  joule/L  or  phys- 
iologic work  of  breathing  <  0.8  joule/L.  The  rate 
of  extubation  failure  within  72  hours  was  7.8% 
(8/105)  in  the  tachypneic  group,  compared  with 
7.9%  (38/  4841  for  those  patients  w  ith  a  respiratory 
rate  of  <  30  breaths/min.  Some  of  the  stimulus  for 
the  tachypnea  was  possibly  due  to  increased 
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Clinical  Practice  Guidelines 

AARC  Clinical  Practice  Guidelines  (CPGs)  are 
systematically  developed  statements  to  help  RCPs 
deliver  appropriate  respiratory  care  in  specific  clinical 
circumstances. 
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Use  of  Positive  Airway  Pressure  Adjuncts 
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Postural  Drainage  Therapy Item  CPGll 
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Selection  of  Aerosol  Delivery  Device Item  CPG13 

Pulse  Oximetry  Item  CPG14 

Single-Breath  Carbon  Monoxide 
Diffusing  Capacity  Item  CPG15 

Oxygen  Therapy  in  the  Home  or  Extended 
Care  Facility Item  CPG16 

Exercise  Testing  for  Evaluation  of  Hypoxemia 
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Humidification  during  Mechanical 
Ventilation  


Surfactant  Replacement  Therapy  Item  CPG28 

Ventilator  Circuit  Changes  Item  CPG29 

Metabolic  Measurement  using  Indirect  Calorimetr\ 
during  Mechanical  Ventilation  Item  CPG30 

Transcutaneous  Blood  Gas  Monitoring  for  Neonat.il  & 
Pediatric  Patients  Item  CPG31 

Body  Plethysmography  Item  CPG32 

Capillary  Blood  Gas  Sampling  for  Neonatal  & 
Pediatric  Patients  Item  CPG33 

Defibrillation  during  Resuscitation  Item  CPG34 

Infant/Toddler  Pulmonarv' Function  Tests  ...  Item  CPG  35 

Management  of  Airway  Emergencies  Item  CPG36 

Assessing  Response  to  Bronchodilator  Therapy 
at  Point  of  Care Item  CPG37 

Discharge  Planning  for  the  Respiratory 
Care  Patient ^ Item  CPG38 

Long-Term  Invasive  Mechanical  Ventilation 
in  the  Home  Item  CPG39 

Capnographv/Capnometrv  during  Mechanical 
Ventilation  .' ^ Item  CPG40 

Selection  of  an  Aerosol  Delivery  Device  for 

Neonatal  and  Pediatric  Patients  Item  CPG41 

Polysomnography  Item  CPG42 

Selection  of  an  Oxygen  Delivery  Device  for 
Neonatal  and  Pediatric  Patients  Item  CPG43 

Selection  of  a  Device  for  Delivery  of  Aerosol 
to  the  Lung  Parenchyma Item  CPG44 

Training  the  Health-Care  Professional  for  the  Role  of 
Patient  and  Caregiver  Educator  Item  CPG45 

Providing  Patient  and  Caregiver 
Training 
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Protocols 

These  protocols  come  from  AARC  members;  they  are 
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Transport  of  the  Mechanically 
Ventilated  Patient Item  CPG19 


Resuscitation  in  Acute  Care  Hospitals Item  CPG20 

Bland  Aerosol  Administration  Item  CPG21 

Fiberoptic  Bronchoscopy  Assisting Item  CPG22 

Intermittent  Positive  Pressure  Breathing  ...  Item  CPG23 
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Critical  Pathways 
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imposed  work  of  brealhing.  as  ilie  increased  res- 
pirator>'  rale  usually  abated  within  1 X  hours  after 
extubation.  The  reliance  on  a  respiratory  rate  of 
<  30  breaths/min  as  an  absolute  preextubation  cri- 
terion would  have  resulted  in  a  sensitivity  of  82%, 
a  specificity  of  17%,  a  positive  predictive  value 
of  92% ,  a  negative  predictive  \ alue  of  8%,  and 
an  overall  accuracy  of  77%.  The  average  dura- 
tion of  mechanical  ventilation  during  the  .study 
period  decreased  by  2  days,  from  8.6  to  6.3  days 
(p  =  0.03).  CONCLUSIONS:  Tachypnea  as  a 
marker  of  respiratory  distress  is  sensitive,  but  is 
not  sufficiently  specific  to  be  used  as  a  criterion 
in  preextubation  trials.  Reliance  on  tachypnea  as 
a  prceMubation  trial  failure  criterion  is  likely  to 
prolong  intubation  and  ventilatory  support  for  a 
large  number  of  patient.s.  Patient  risks,  determined 
by  the  extubation  failures  and  reintubation  rate, 
are  the  same. 

Myocardial  Dysfunction  after  Succcs.stul  Resus- 
citation from  Cardiac  Arrest — RJ  GMiiiuri,  MH 
Weil,  J  Biscra.  W  Tang.  M  Hukui,  D  McKee.  Crit 
Care  Med  |y96;24(6l:992-l()()0. 

OBJECTIVE:  To  investigate  the  functional  and 
metabolic  changes  in  the  myocardium  after  suc- 
cessful resuscitation  from  cardiac  arrest.  DESIGN: 
Prospective,  randomized,  sham-controlled  study. 
SETTING:  .Animal  laboratory  at  a  university  cen- 
ter. SUBJECTS:  Domestic  pigs.  INTERVEN- 
TIONS: Electric  induction  of  ventricular  fibril- 
lalion  by  alternating  current  dcli\ered  to  the  right 
ventricular  endocardium  through  a  pacing  elec- 
trode. Electric  defibrillation  was  attempted  after 
an  interval  of  1 2  minutes  of  ventricular  fibrilla- 
tion, which  included  4  minutes  of  untreated  ven- 
tricular fibrillation  and  8  minutes  of  precordial 
compression  in  13  animals,  7  of  which  were  suc- 
cessfully resuscitated.  Seven  additional  animals 
were  raiidomi/ed  to  serve  as  "sham"  controls,  in 
which  cardiac  arrest  was  not  induced.  MEA- 
SUREMENTS &  MAIN  RESULTS:  Left  ven- 
tricular pressure-volume  relationships  utilizing 
the  conductance  method  were  obtained  in  con- 
junction with  conventional  hemodynamic  and 
metabolic  measurements  at  baseline  and  during 
a  6-hour  interval  after  successful  cardiac  resus- 
citation. Progressive  and  striking  mcreascs  in  left 
ventricuhir  volumes  were  obser\eil  alter  successful 
cardiac  resuscitation.  The  end-diastolic  volume 
increased  from  a  prearrest  level  of  89  ±  2 1  mL  to 
a  maximum  of  154  +  53  mL  (p  <  0.05)  at  360  min- 
utes after  successful  resuscitation.  The  liine-coin- 
cidenl  end-systolic  volume  increased  from  54  + 
21  to  1 26  ±  54  mL(p<  0.05).  such  that  the  ejec- 
tion fraction  was  reduced  from  0.4 1  ±  0. 1 0  to  0.20 
±0.07  (p  <  0.05).  Ventricular  dilation  was  asso- 
ciated w  ith  marked  reductions  in  stroke  volume 
and  ventricular  work.  However,  compensatory 
increases  in  heart  rate  maintamcd  cariliac  output 
at  levels  that  sustained  adequate  sy  stemic  oxygen 
delivery.  The  slope  of  the  end-systolic  pressure- 
volume  nslationships  progressively  decrea-sed  from 


5.04  ±  1,88  to  2,00 ±  0.57  mm  Hg/mL  (p  <  0.05) 
at  360  minutes  after  successful  resuscitation.  The 
volume  intercept  at  left  venuicular  pressure  of  l(X) 
mm  Hg  increased  from  43  ±  19  to  94  ±  5 1  mL  (p 
=  0.03).  Both  the  decrease  in  the  slope  and  the 
increase  in  the  volume  intercept  were  characteristic 
of  progressive  impairment  in  conu-actile  function. 
The  rate  of  left  ventricular  pressure  decrease  was 
unchanged.  Accordingly,  no  substantial  changes 
in  lusitropic  properties  were  identified.  Despite 
large  increases  in  end-diastolic  volume,  the  end- 
diastolic  pressure  remained  unchanged.  CON- 
CLUSION: Postresuscitation  myocardial  dys- 
function in  this  animal  model  was  characterized 
b\  impaired  contractile  lunction,  decreased  v\(irk 
capability,  and  ventricular  dilation. 

Kv  alualion  of  Gas  Exchange.  Pulmonary  Com- 
pliance, and  Lung  Injury  durin)>  lotal  and  Par- 
tial Liquid  \  entilati(m  in  the  .\cute  Respira- 
tory Distress  .Sy  ndronie — RB  HiI^chl.  R  Tcxijey, 
A  Parent.  K  Johnson.  RH  Baillett.  Cnt  Care  Med 
I996;24(6):I001-1()()8. 

OBJECTIVE:  To  investigate  w hether  pulmonary- 
compliance  and  gas  exchange  will  be  sustained 
during  "total"  perfluorocarbon  liquid  ventilation 
followed  by  "partial"  perfluorocarbon  liquid  \  en- 
tilation  when  compared  w  ith  gas  ventilation  in  the 
setting  of  the  acute  respiratop,  distress  syndroine 
( ARDS).  STUDY  DESIGN:  A  prospective,  con- 
trolled, laboratory  study.  SETTING:  A  univer- 
sity research  laboratory.  SUBJECTS:  Ten  sheep, 
weighing  12.7  to  25.0  kg.  INTERVENTIONS: 
Lung  injury  was  induced  in  10  young  sheep,  uti- 
lizing a  light  auial  injection  of  0,07  mL/kg  of  oleic 
acid  followed  by  saline  pulmonary  lavage,  Bijugu- 
lar  venovenous  extracorporeal  life  support  access, 
a  pulmonary  artery  catheter,  and  a  carotid  artery 
catheter  were  placed.  When  the  aheolar-arterial 
O:  gradient  was  >  600  torr  and  P,,().  <  50  torr  (< 
6.7  kPa)  with  an  F|o:  of  1.0,  extracorporeal  life 
support  was  instituted.  Eor  the  first  30  minutes 
on  extracorporeal  life  support,  all  animals  were 
ventilated  witli  gas.  Animals  were  then  ventilated 
with  equal  tidal  volumes  of  15  mlTkg  during  gas 
ventilation  (n  =  5)  over  the  ensuing  2.5  hours,  or 
with  total  liquid  ventilation  for  I  hour,  followed 
h>  piirtial  liquid  \entilation  for  1 .5  hours  (total/par- 
tial liquid  ventilation,  n  =  5).  MEASUREMENTS 
&  MAIN  RESL'LTS:  An  increase  in  physiologic 
shunt  (gas  ventilation  =  69  ±  11%,  total/partial  liq- 
uid ventilation  =  71  ±3%  land  a  decrease  in  static 
total  pulmonary  compli;ince  measured  at  20  mUkg 
inflation  volume  (gas  ventilation  =  0,48  ±  0,03 
niL/cm  HiO/kg.  total/partial  liquid  ventilation  = 
0,50  ±  0. 1 7  niL/cm  H:0/kg )  wea-  observed  in  both 
groups  with  induction  of  lung  injury.  Phvsiologic 
shunt  was  significantly  reduced  during  total  and 
partial  liquid  xentilation  when  compared  with 
physiologic  shunt  observed  in  the  gas  ventilation 
animals  (gas  ventilation  =  93  ±  8%,  total  liquid 
ventilation  =  45  ±  1 1%,  p  <  0.001:  gas  ventila- 
tion =95  ±3%.  partial  liquid  ventilation  =  61  ± 


1 2%,  p  <  O.OOI ).  while  static  compliance  was  sig- 
nificantly increased  in  the  total,  but  not  the  par- 
tial liquid  ventilated  anim;ils  when  compared  with 
the  gas  ventilated  group  (gas  ventilation  =  0.43 
±0.03  mL/cm  H;0/kg.  total  liquid  ventilation  = 
1 . 1 3  ±  0. 1 8  mL/cm  H:0/kg.  p  <  0.00 1 ;  gas  ven- 
tilation =  0.4 1  ±  0.02  mUcm  HjO/kg.  partial  liq- 
uid ventilation  =  0.47  ±  0.08.  p  =  0. 1 5 1 ).  In  addi- 
tion, the  extracorporeal  life  support  flow  rate 
required  to  maintain  adequate  oxygenation  was 
significantly  lower  in  the  total/partial  liquid  ven- 
tilation group  when  comp;ued  w  ith  that  of  the  gas 
ventilation  group  (gas  ventilation  =  89  ±  7 
mL/kg/min.  total  liquid  ventilation  =  22  ±  10 
inL/kg/min.  p  <  0.00 1 :  gas  ventilation  =  9 1  ±  1 2 
mL/kg/min.  partial  liquid  ventilation  =  41  ±  1 1 
mL/kg/min.  p  <  0.001 ).  Lung  biopsy  light  micro- 
scopy demonstrated  a  marked  reduction  in  alve- 
olar hemorrhage,  lung  fluid  accumulation,  and 
inllammatory  infiltration  in  the  total/partial  liq- 
uid ventilation  animals  when  compared  with  the 
gas  ventilation  animals.  CONCLUSIONS:  In  a 
model  of  sev  ere  .'KRDS.  pulmonarv  gas  exchange 
is  improved  during  total  followed  by  partial  liq- 
uid ventilation.  Pulmon;iry  compliance  is  improved 
during  total,  but  not  during  partial  liquid  venti- 
lation. Total  followed  by  partial  liquid  ventilation 
was  associated  with  a  reduction  in  alveolar  hem- 
orrhage, pulmonary  edema,  and  lung  infiamma- 
tory  infiltration. 

Surfactant  Replacement  in  the  Treatment  of 
Sepsis-Induced  .^dull  Respiratory  I>istress  Sjii- 
drome  in  Pigs — GF  Nieman.  l..\  Gatto.  AM 
Paskanik.  B  Yang.  R  Fluck.  A  Picone.  Crit  Care 
Med  I996;24(6):1025-I033. 

OBJECTIVE:  To  evaluate  the  efficacy  of  treat- 
ing sepsis-induced  adult  respiratory  distress  syn- 
drome (.-XRDS)  by  instillation  of  exogenous  sur- 
factant in  a  porcine  endotoxin  model.  DESIGN: 
Prospective  trial.  SETTING;  Laboratory  at  a  uni- 
veisity  medical  center.  SL'BJECTS:  Fifteen  hybrid 
pigs,  weighing  15  to  20  kg.  INTERVENTIONS: 
Pigs  were  anesthetized  and  surgically  prepared 
for  hemodynamic  and  lung  function  measure- 
ments. Animals  were  randomized  into  3  groups: 
a  control  group  (group  I :  n  =  4)  that  recei\cd  sham 
Escherichia  coli  lipopolysaccharidc  (endotoxin); 
an  endotoxin  group  (group  II:  n  =  6|  that  received 
endotoxin  (25  //g/  kg);  and  an  endoUixin  +  sur- 
factant (Infasurf.  ONY.  Amherst  NY)  instillation 
group  {group  III;  n  =  5)  that  received  endotoxin 
(25  ^g/kg)  followed  by  surfactant  (100  mg/kg) 
instillation;  all  groups  were  studied  for  6  hours 
after  the  start  of  endotoxin  injection.  At  necropsy, 
lung  water  and  surfacunit  function  ( Wilhelmy  bal- 
ance) were  measured  and  the  right  middle  lung 
lobe  was  fixed  for  histologic  analysis.  Surfactant 
function  w  as  expressed  as  the  surface  tension  at 
the  minimum  trough  area.  MB.'XSUREMENTS 
&  MAIN  RESULTS:  Surfactant  treatment  (group 
III)  significantly  (p  <  0.05)  decreased  venous 
admixture  (group  111  =  41. 5±  9. 1%;  group  II  = 
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61 .6  ±  4.79ir),  Paco:  (group  III  =  46.6  ±  1 .3  torr 
[6.2  ±  0.2  kPa);  group  II  =  ?4.4  ±  2.6  lorr  |7.25 
±  0.34  kPa] ).  and  surface  tension  minimum  (group 
III  =  8.8  ±  1.8  dyne/cm;  group  11  =  20.0  ±  2.0 
dyne/cm),  as  compared  uitli  endotoxin  without 
treatment  (group  II)  6  hours  after  endotoxin  infu- 
sion. However,  surfactant  instillation  did  not  sig- 
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nificantly  improve  PaO:  (group  III  =  62.8  ±  6.8  toir 
|8.4  ±  0.9  kPa);  group  11  =  50.3  +  3.7  torr  [6.7  ± 
0.49  kPa] )  or  reduce  the  amount  of  pulmonary 
edema  (group  111  =  7. 1  ±  0.39  ratio;  group  II  =  6.8 
±  0.24  ratio)  seen  6  hours  following  endotoxin 
injection.  Histologic  analysis  showed  that  endo- 
toxin caused  edema  accumulation  around  airways 
and  pulmonary  vessels,  and  a  large  increase  in  the 
number  of  marginated  leukocytes  with  or  with- 
out surfactant  tfeatmenl.  Surfactant  treaunent  sig- 
nificantlv  increa.sed  the  total  number  of  leukocytes 
in  the  pulmonary  parenchyma.  CONCLUSIONS: 
We  conclude  that  endotoxin  caused  lung  injury 
typical  of  ARDS  as  demonstrated  by  pulmon;iry 
edema,  an  increase  in  PjCO;  and  a  decrease  in  P,,( ),. 
a  decrease  in  static  lung  compliance,  and  inhibition 
of  surfactant  function.  Exogenous  surfactant  treat- 
ment effected  only  moderate  improvements  in  lung 
function  (ie.  reduced  venous  admixture  and 
restored  surfactant  function)  in  this  sepsis-induced 
ARDS  model. 

Determinants  of  Aerosolized  Albuterol  Deliv- 
ery to  Mechanically  \entilatcd  Infants — DM 

Coleman.  HW  Kelly.  BC  McWilliams.  Chest 
1996;109(6):16()7-1613. 

An  in  vitro  lung  model  and  a  volume  ventilator 
were  used  to  evaluate  the  delivery  of  aerosolized 
albuterol  through  an  infant  ventilator  circuit.  We 
compared  the  following:  continuous  nebulization 
(CN.A)  and  intemiittent  nebulization  (IN.A):  var- 
ious nebulizer  gas  flow  s.  5.0. 6.5.  and  8.0  Umin; 
and  duty  cycle  of  33';i-  and  50'7r.  The  efficiency 
and  consistency  of  aerosol  delivery  by  metered- 
dose  inhaler  (MDl )  with  4  different  spacer  devices 
and  by  nebulizer  positioned  at  the  manifold  and 
at  the  same  position  as  the  MDI  were  also  eval- 
uated. A  volume  ventilator  (Servo  900B)  was  used 
with  settings  selected  to  reflect  those  of  a  mod- 
erately to  severely  ill  4-kg  infant.  A  3.5-mm  endo- 
tracheal tube  was  used  in  all  experiments.  A  spe- 
cific type  of  nebulizer  used  I  Airlife  Misty  Neb; 
Baxter;  Valencia  CA)  and  several  spacers  were 
studied  (.Aerochamber  and  Aerovent.  Diemold- 
ing  Healthcare  Division.  Canastota  NY;  ACE. 
Monaghan  Medical  Corp.  Plattsburgh  NY);  and 
an  incline  MDI  adapter  (Instrumentation  Indus- 
tnes  Inc.  Pittsburgh  PA).  CNA  delivered  sig- 
nificantly more  aerosol  to  the  lung  model  (4.8  ± 
0.6'7c  of  the  starting  dose )  than  IN  A  ( 3.8  +  0.3"* ; 
p  <  0.01 ).  There  was  a  significant  stepwise  de- 
crease in  aerosol  delivery  with  increasing  nebu- 
lizer flow  (4.8  ±  1 .3%  at  5.0  L/min;  3.7  ±  1 . 1 9r 
at  6.5  IVmin;  and  2.7  ±  1 . 1  %  at  8.0  L/min ).  Inciea.s- 
ing  duty  cycle  did  not  significantly  affect  deliv- 
ery.  Overall  the  .spacers  with  MDI  were  more  effi- 
cient than  the  nebulizer  in  either  position  delivering 
about  rwice  the  percentage  of  the  starting  dose  than 
the  nebulizers.  .Ml  modes  of  delivery,  except  the 
Aerochamber.  demonstrated  a  marked  degree  of 
\  ariability.  Most  of  the  starting  dose  of  albuterol 
either  remained  in  the  nebulizer  (30.4  ±  6.0'7f  at 
5.0  L/min  and  25.3  ±  4. 1%  at  8.0  L/min  I  or  was 


deposited  in  the  inspiratory  tubing  (34.7  ±  0.7% 
at  5.0  L/min  and  43.7  +  4.9%  at  8.0  L/min)  in  our 
system.  In  conclusion,  we  have  confirmed  that 
aerosol  delivery  depends  on  the  mode  of  deliv- 
ery and  the  operating  conditions.  Although  deliv- 
erv  w  ith  an  MDI  and  spacer  is  more  efficient  than 
a  nebulizer,  both  methods  may  produce  high  vari- 
ability depending  on  the  method  or  spacer  used. 

Surfactant  Content  in  Children  with  Inflam- 
matory Lung  Disease — AM  LeVine.  A  Lotze. 
S  Stanley.  C  Stroud.  R  O'Donnell.  J  WhiLsett  MM 
Pollack.  Crit  Care  Med  1996:24(6):  1062- 1067. 

OBJECTIVE;  To  detennine  surfactant  profiles  of 
ffacheal  secretions  in  mechanically  \entilaled  chil- 
dren w  ith  respiratory  failure  secondary  to  bacte- 
rial pneumonia.  \  iral  pneumonitis,  adult  respiratory 
distress  syndrome  ( ARDS ).  and  cardiopulmonary 
bypass.  DESIGN:  Prospective,  cohort  study.  SET- 
TING: Tertiary,  multidisciplinary.  pediatric  inten- 
sive care  unit.  PATIENTS:  One  hundred  twenty 
pediatric  patients  with  respiratory  failure  requir- 
ing mechanical  ventilation.  INTERVENTIONS: 
RouUne  tracheal  aspirates  were  collected  from  chil- 
dren with  bacterial  pneumonia.  \  iral  pneumoni- 
fis,  ARDS.  postcardiopulmonary  bypass,  and  a 
postsurgical  control  group.  Samples  were  obtained 
on  days  1. 2.  3.  after  every  week  of  intubation  and 
on  the  day  of  extubation.  MEASLTREMENTS  & 
MAIN  RESULTS:  The  tracheal  aspirates  were 
analyzed  by  high-pertbrmance  liquid  chroma- 
tography for  lecithin/sphingomyelin  ratios  and  by 
enzyme-linked  immunosorbent  assay  for  surfactant 
proteins  A  and  B.  Lung  compliance  and  the  oxy- 
genation index  were  measured  on  each  day  of  sam- 
ple collection.  On  day  1 .  patients  with  bacterial 
pneumonia,  viral  pneumonitis,  and  ARDS  had 
decreased  lecithin/sphingomyelin  ratios  (p  <  0.001 ). 
and  those  patients  w  ith  bacterial  pneumonia  and 
viral  pneumonitis  had  decreased  surfactant  pro- 
tein A/protein  concentration  (p  <  0.001).  The 
lecithin/sphingomyelin  ratios  and  surfactant  pro- 
tein A/protein  concenration  were  significantly  dif- 
ferent among  the  groups  (p  <  0.001 ).  with  tlie  bac- 
terial pneumonia  and  viral  pneumonitis  groups 
having  higher  lecithin/sphingomyelin  ratios  and 
increased  surfactant  protein  concentrations  before 
extubation.  Pulmonary  compliance  was  lower  and 
the  oxygenation  index  was  higher  than  controls 
(p  <  0.(X)  1 )  in  patients  w  ith  bacterial  pneumonia, 
viral  pneumonitis,  and  ARDS.  Pulmonary  com- 
pliance was  correlated  weakly  with  lecithin/sph- 
ingomyelin ratio  (r-  =  0.1 1.  p  <  0.001 )  and  sur- 
factant protein  A/prolein  concenttation  (r-  =  0.03. 
p  <  0.05).  Surfactant  protein  B  was  similar  in  the 
diagnostic  groups.  Surfactant  content  in  tfacheal 
secretions  from  cardiopulmonary  bypass  pafienls 
was  equivalent  to  controls.  CONCLUSION: 
Abnormal  tracheal  aspirate  surfactant  phospho- 
lipids and  surfactant  protein  A  were  noted  in  chil- 
dren with  bacterial  pneumonia,  viral  pneumoni- 
tis, and  ARDS.  but  not  in  children  on 
cardiopulmonary  bypass. 
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4th  Annual  Postgraduate  Course 

Respiratory  Care 

and 

Medical  Direction 

in  a  Changing  World 

Saturday,  November  2 

During  the  42"''  International  Convention  & 
Exhibition,  the  AARC  will  present  this  one- 
day  post-graduate  course  for  physicians  only. 

The  program  is  approved  for  6  hours  in 
Category  I  of  the  Physician's  Recognition 
Award  of  the  American  Medical  Association. 
Topics  include  the  future  of  respiratory  care, 
a  primer  on  concepts  and  terms  in  health  care 
today,  the  role  of  the  medical  director  in 
today's  hospital,  medical  direction  beyond 
the  acute  care  hospital,  an  update  on  ARDS, 
patient  protocols  and  clinical  pathways  in 
respiratory  care,  clinical  practice  guidelines, 
departmental  restructuring,  and  how  to 
select  ventilators. 

Encourage  your  medical  director  to  attend 
this  informative  program. 

Call  the  AARC  today  at  214-243-2272 
(Fax  214-484-2720)  and  request  that  a 
complete  description  of  the  course  and 
registration  form  be  sent  to  your  medical 
director  or  other  interested  physician. 


Don't  Miss  the 

Research  Symposium 

at  the  42'"'  International 

Convention  &  Exhibition 

in  San  Diego 


Presented  by  the  Editorial  Board  of 

Respiratory  Care 

Wednesday.  November  6 

9:00-10:55  am  •  Rooms  1 A-B 


9:00-9:15  am 
Program  Overview 

Joseph  L  Rau  Jr  PhD  RRT 

Georgia  State  University,  Atlanta  GA  IChainni>, 

Introduces  and  reviews  the  1993-1995 

symposium  topics  and  the  key  topics  of 

knowledge  in  a  research  project. 

9:20-10:05  am 

Ethics  of  Human  Research  and 

Institutional  Review  Boards 

Dean  R  Hess  PhD  RRT 

Massachusetts  General  Hospital,  Boston  MA 

Defines  "ethics."  Explains  the  rationale  for 

board  regulations,  using  examples. 

Outlines  regulations:  exempt,  expedited,  full 

review  studies.  Details  the  key  elements  in  an 

Informed  Consent  Form. 

10:10-10:55  am 
Population  and  Samples: 
Concepts  and  Examples 

Joseph  L  Rau  Jr  PhD  RRT 

Describes  two  examples  of  sample  results. 

Defines  terms:  target  population,  accessible 

population,  sample.  Explains  analysis  of 

examples  using  these  distinctions. 

Details  example  of  populalitMi  criteria  used 

to  select  a  nonrandom  sample. 
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A  Respiratory  Care  Assessment-Treatment  Program: 
Results  of  a  Retrospective  Study 

Kevin  L  Shrake  MA  RRT,  John  E  Scaggs  BS  RRT,  Kevin  R  England  MBA, 
Joseph  QHenkle  MD,  and  Lanie  E  Eagieton  MD 


BACKGROUND:  Due  to  the  success  of  a  respiratory  care  assessment-treat- 
ment pilot  stud>  on  the  orthopedic  floor  of  our  hospital,  the  Executive  Com- 
mittee of  the  medical  staff  appro\ed  expansion  hospitalwide.  EXPANSION 
TECHNIQUE:  Each  nursing  unit  was  included  in  the  project  in  a  systematic 
fashion  after  group  and  indi\idual  conmiunication  had  occurred.  Patient  assess- 
ment training  sessions  were  conducted  for  the  respiratory  staff  to  allow  for 
24-hour  coverage  of  all  nursing  units.  EVALUATION  ME:TH0DS:  The  eval- 
uation period  extended  from  Octoher  1993  through  Octoher  1995.  Daily  mon- 
itoring activities  tracked  general  data  elements  on  all  patients.  A  series  of  retro- 
spective audits  were  conducted  on  a  subset  of  patients  to  track  a  more  detailed 
set  of  data  points.  The  utilization  and  costs  of  respiratory  services  provided 
to  patients  in  2(1  selected  DRGs  were  compared  between  a  preprotocol  period 
(April.  May,  and  .June  1993)  and  the  same  3-month  period  in  1995.  EVAL- 
UATION RESULTS:  During  the  2-year  evaluation,  daily  monitoring  revealed 
that  4,420  patients  were  assessed  and  treated  by  respiratory  care  practitioners 
(RCPs),  which  included  1 1.050  initial  and  follow-up  evaluations.  Retrospective 
audits  on  595  of  those  patients  indicated  that  participation  in  the  protocol  pro- 
cess increased  significantly  from  66%  to  78%  (p  =  0.004).  Of  the  patients  on 
protocols,  81-88%  were  being  tapered,  placed  on  treat-as-needed  status  (ie, 
prn),  discontinued,  or  readjusted  to  their  home  regimen  prior  to  discharge. 
Physicians  accepted  the  RCPs"  treatment  plan  90-97%  of  the  time  without 
intervening.  Treatment  volume  decreased,  resulting  in  identified  cost  savings 
of  $15,337  over  a  3-month  evaluation  period  (annualized  savings,  $61,348). 
CONCLUSIONS:  The  positive  results  of  a  respiratory  patient  assessment- 
treatment  pilot  project  were  successfully  duplicated  when  the  process  was 
expanded  hospitalwide.  RCPs  in  our  hospital  were  able  to  demonstrate  value 
by  implementing  care  plans  that  resulted  in  cost  savings.  [Respir  Care  1 996;4 1 
(8):703-7131 


Mr  Slirake  is  Administrator  and  Mr  Scaggs  is  Evening  Sliift  Supervisor. 
Cardio-Pulmonary  Services,  and  Mr  England  is  Administrator.  Clinical 
Resource  Management — Memorial  Medical  Center;  Dr  Henkle  is 
Associate  Professor  and  Dr  Eagieton  is  Associate  Professor  and  Chief. 
Division  of  Pulmonary  Medicine.  Southern  Illinois  University  School  of 
Medicine — Springfield.  Illinois. 

Reprints:  Kevin  Shrake.  Administrator.  Cardio-Pulmonary  Services.  Me- 
morial Medical  Center.  StX)  North  Rutledge  Street  Springfield  IL  62781 . 


Background 

Appropriate  utilization  of  hospital  resources  is  an  essen- 
tial part  of  controlling  cost  and  is  congruent  with  ongoing  ini- 
tiatives driving  health-care  reform.  It  has  been  shown  that 
patient  assessment-treatment  programs  can  result  in  cost  .sav- 
ings, either  by  eliminating  unnecessary  care  or  by  decreas- 
ing length  of  stay  through  appropriate  treatment.'''  and  can 
be  implemented  without  adverse  changes  in  clinical  outcome.'^' 
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During  July.  August,  and  September  \99?i.  a  pilot  respiraton, 
care  assessment-treatment  program  was  implemented  on  the 
orthopedic  surgery  floor  (OSF)  in  our  institution'*  using  pro- 
tocols developed  from  the  American  Association  for  Res- 
piratory Care  (AARC)  Clinical  Practice  Guidelines. '"-"'Dur- 
ing the  pilot,  no  changes  in  patient  outcomes  were  noted  w  hile 
treatment  volumes  decreased,  resulting  in  identified  cost  sav- 
ings for  the  .^-monih  period.  Due  to  the  positi\e  results  of  the 
pilot,  the  Executive  Committee  of  the  medical  staff  granted 
apprt)\  al  to  expand  the  process  housevvitie. 

The  purpose  of  this  study  was  to  deiermine  whether  the 
success  of  the  patient  assessment-treatment  program  piloted 
on  the  OSF  could  he  duplicated  on  a  larger  scale,  with  sus- 
tained positive  results  o\er  a  2-year  period.  Success  would 
be  measured  by  evidence  of  increased  use  of  the  system  with 
minimal  physician  intervention,  while  controlling  utilization 
of  services  that  would  result  in  cost  savings. 


to  allow  closer  quality  control.  These  indi\  iduals  were  selected 
based  on  their  prior  demonstration  of  good  assessment  and 
communication  skills.  To  further  improve  their  knowledge 
base,  the  U)  original  evaluators  completed  a  2-day  certificate 
course  in  patient  assessment  offered  by  a  local  community 
college.  This  course  provided  a  consistent  approach  to  patient 
assessment  and  included  "hands  on'  practice  using  patient  ca.se 
studies.  To  expand  the  process  hospitals  ide.  it  was  necessary 
to  train  additional  staff.  This  involved  one-on-one  training 
by  the  original  core  group  of  patient-care  e\  aluators  for  all 
staff  members.  Group  meetings  with  the  Pulmonary  Admin- 
istrator to  provide  direction  regarding  such  issues  as  physi- 
cian notifications,  charting  formats,  and  quality  review  tech- 
niques were  also  conducted.  Performance  and  completion  of 
appropriate  training  was  documented. 

Evaluation  Methods 


Expansion  Technique 


Evaluation  Period 


All  the  major  components  of  the  patient  assessment-treat- 
ment program  were  in  place  to  expand  housewide.  Therefore, 
the  major  aspects  of  the  expansion  technique  centered  around 
providing  proper  communication  to  the  nursing  staff  and  plan- 
ning for  increased  numbers  iif  trained  palient-care  evaluators. 


The  evaluation  began,  after  Executive  Committee  approval 
for  our  patient  assessment-treatment  program,  in  October  1 993 
and  concluded  for  the  purposes  of  this  study  in  October  1995. 

Daily  Monitoring 


Communications 

An  implementation  plan  was  established  to  bring  each  nurs- 
ing unit  'on  line"  in  a  systematic  fashion.  This  allowed  for 
proper  communication  with  the  nurses  involved.  Experience 
during  the  pilot  project  had  clearly  indicated  that  if  members 
of  the  nursing  staff  viewed  the  process  in  a  positive  way.  they 
became  key  advocates  to  solicit  phv  sician  participation,  thus 
making  it  easier  to  achieve  the  ultimate  goals  of  the  program. 
The  communication  process  was  first  initiated  with  the  Nurse 
Managers  in  a  group  meeting  during  which  the  order  of  iniit 
implementation  was  determined.  A  6-monlh  implementation 
schedule  was  established  for  transition  lo  the  use  of  proto- 
cols on  all  nursing  units.  The  Nurse  Managers  requested  that 
presentations  be  made  to  the  Unit-Based  Ntnsing  Councils, 
vv  hich  arc  the  self-governing  bodies  of  each  nursing  unit.  Each 
member  of  a  Council  was  responsible  for  communicating  tlie 
purpose  of  the  respiratory  assessment-treatment  program  to 
a  specific  number  of  peers  via  one-on-onc  communications. 
This  was  followed  with  direct  communication  by  the  respi- 
ratory care  practitioners  ( RCPs)  to  the  nursing  staff,  prior  to 
implementation  on  each  unit,  to  answer  questions  and  alle- 
viate concerns. 

Patieiit-Care  Evaluators 

The  pilot  project  had  been  completed  with  only  10  patient- 
care  evaluators.  (rather  than  utili/iui;  all  staff  as  evaluators) 


The  Cardio-Pulmonary  Department  tracked,  on  a  daily  basis, 
the  percentage  of  our  total  patients  who  were  on  respiratory 
protcK'ols.  The  RCPs  were  trained  to  report  "red  flag  ev  ents" 
lo  their  supcrv  isor.  Such  events  included  orders  from  physi- 
cians to  discontinue  respiratory  protocols  or  to  inten  ene  and 
change  a  treatment  plan  that  w  as  being  Ciuried  out  by  the  RCP. 
Such  examples  were  automatic  cues  to  make  a  follow-up  con- 
tact with  those  physicians  to  discuss  how  we  could  hav  e  bet- 
ter assisted  them.  The  RCPs  also  identified  patients  w  ho  were 
not  on  protocols  and  contacted  the  ordering  physician  in  an 
attempt  to  conv  crt  from  the  conv  cntional-orders  process  to 
our  assess-and-trcat  program.  The  dailv  monitoring  allowed 
us  to  track  the  total  number  of  patients  on  our  program  as  well 
as  the  total  number  of  patient  ev  aliiations  conducted. 

Retrospective  ,\udits 

A  series  of  3  retrospective  audits  were  conducted,  approx- 
imately 3  months  apart,  during  the  last  9  months  of  the  eval- 
uation period.  These  audits  were  completed  by  patient  eval- 
uators and  monitored  a  more  specific  series  of  data  elements 
on  a  smaller  sample  than  what  was  being  tracked  for  the  entire 
patient  population.  These  data  were  extracted  from  the  depart- 
mental protocol  lecords  ( Fig.  1 ).  During  each  audit,  the  records 
of  all  patients  inanaged  by  protocol  during  the  most  recent 
3()-day  period  were  reviewed.  By  periodically  sampling  all 
records  for  a  designated  time  peiiod.  we  attempted  to  remove 
anv  biases  that  might  result  from  a  more  selective  audit  pro- 
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cess.  Patient  e\  aluators  were  used  as  auditors  because  the\ 
had  the  best  understanding  of  how  to  record  the  data  and  could 
provide  immediate  feedback  to  their  colleagues  on  the  suc- 
cess of  the  program  and  on  aspects  requiring  improvement. 
A  number  of  data  points  could  be  chosen  for  audit  to  e\al- 
uate  the  protocol  process.  Some  of  the  elements  that  we  con- 
sistently tracked  were: 

•  Number  of  patients  on  protocols 

•  Percent  of  protocol  patients  compared  to  the  total  patients 
receiving  respiratory  care 

•  Number  of  physicians  ordering  protocols 

•  Type  of  protocol  ordered 

•  Number  and  percent  of  time  physicians  accepted  the  care 
plan  without  intervening 

•  Number  and  percent  of  patients  whose  treatment  frequence- 
was  tapered  prior  to  discharge 

•  Number  and  percent  of  patients  who  were  discontinued 
or  placed  on  treat-as-needed,  or  pm.  status  prior  to  discharge 


•  Number  and  percent  of  patients  tapered  to  their  home  reg- 
imen prior  to  discharge  if  on  home  therapy 

•  Number  and  percent  of  patients  reassessed  within  48-72 
hours  of  their  last  assessment 

The  percentages  of  patients  on  protocol  and  the  percent- 
ages of  time  the  physician  agreed  with  the  care  plan  during 
the  3  audit  periods  were  compared  using  the  X'  test.^' 

Clinical  Resource  Management 

A  focused  evaluation  of  data  provided  by  the  Clinical 
Resource  Management  Department  allowed  us  to  compare 
cost  infonnation  for  the  20  Diagnosis  Related  Groups  (DRGs) 
that  utilized  respiratory  care  and  had  the  highest  patient  vol- 
ume during  specific  periods  before  and  after  initiation  of  the 
protocol  process.  The  preprotocol  period  was  April,  May,  and 
June  1993  (pilot  project  July-September  1993).  The  post- 
protocol  comparison  period  was  .April.  May,  and  June  1995. 


\ 
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Fig.  1 .  Departmental  record  used  by  RCPs  when  administering  respiratory  care  via  the  assessment-treatment  process.  This  document  is 
not  part  of  the  medical  record  but  is  used  as  a  data  sheet  for  the  RCP  and  a  source  of  information  for  retrospective  audits. 
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By  comparing  the  same  3-month  period  in  different  years,  we 
attempted  to  minimize  differences  in  length  of  siav  ;md  resource 
utilization  that  could  be  attributed  to  seasonal  viiriations.  The 
data  were  also  intlation  and  case-mix  adjusted  in  an  attempt 
to  control  other  \ariables  that  could  affect  the  validity  of  the 
comparisons.  The  effect  of  inflation  was  adjusted  by  using 
1995  dollars  for  the  unit  variable  costs  when  calculating  the 
average  variable  costs  in  both  the  199.^  and  199.5  evaluation 
periods.  Case  mix  was  adjusted  by  comparing  the  actual  res- 
piratory care  costs  incuned  by  patients  during  199.5  with  costs 
that  were  incurred  v\  ith  a  patient  population  using  the  same 
DRG  case  weight  in  1993.  The  significance  of  the  respira- 
tory care  variable  cost  differences  were  evaluated  using  a  2- 
tailed  paired  /  test.^' 

Evaluation  Results 

Daily  Monitoring 

During  the  2  years  of  study.  4.420  patients  were  assessed 
and  treated  by  RCPs  via  the  protocol  process.  A  combination 
of  1 1 .050  initial  and  follow-up  evaluations  were  performed 
on  these  patients.  In  addition  to  managing  the  routine  orders 
received  for  protociils.  the  RCPs  made,  on  the  average.  10 
physician  cimtacts/day  to  solicit  the  use  of  the  protocol  pro- 
cess for  patients  ordered  on  specific  respiratt)ry  care.  An  aver- 
age of  5  physician  contacts/month  were  made  to  address  red 
flag  events  when  phv sicians  intcnened  w  ith  the  care  plan  being 
carried  out  by  the  RCP. 

Retrospective  Audits 

In  addition  to  the  daily  monitoring  of  the  assessment-treat- 
menl  program,  periodic  autlits  were  completed  to  provide  more 
specific  tlala  \o  the  RCPs.  'Iliese  data  were  used  to  assess  effects 
of  the  process  and  to  identity  opportunities  for  quality  improve- 
ment. The  results  of  the  3  audits  conducted  diu'ing  1995  are 
shown  in  Table  I .  The  total  sample  was  595  patients,  which 
represented  13%  of  the  total  population  of  protocol  patients 
during  the  previous  2  years  (4.420  patients  total).  Trends  sug- 
gest that  the  respiratory  care  assessment-treatment  program 
is  being  accessed  by  a  large  number  of  physicians  who  arc 
ordering  protocols  primarily  in  the  generic  form  rather  than 
directing  the  RCP  to  adnunister  a  specific  protocol  such  as 
"bronchodilator  protocol."  This  allows  the  RCP  the  maximum 
freedom  to  select  the  appropriate  treatment  for  the  patient.  The 
percentage  of  patients  on  protocols  as  compared  to  the  total 
patients  receiving  respiratory  care  increased  significantly  from 
667f  to  789'f  from  March  1995  to  October  1995  (p  =  6.004). 
Ttie  physicians  ;ue  accepting  the  treatment  protcKols  suggested 
by  the  RCPs  a  large  part  of  the  time  without  intervening  w  ith 
alternate  orders.  The  percentage  increased  significantly  from 
90^f  in  March  1995  to  97-:^  ni  October  1995  (p  =  0.019).  Most 
patients  are  being  tapered,  placed  on  prn-onlv  status,  dis- 


continued, or  readjusted  to  their  home  regimen  prior  to  dis- 
charge. Percentages  fluctuated  between  81-889f  during  the 
3  audit  periods.  Almost  all  patients  (95-99%)  are  being  re- 
evaluated w  ithin  a  48-72  hour  period  for  potential  changes 
in  their  care  plan. 

Table  1 .      Results  of  Audit  of  595  Cliarts  of  Patients  Assessed  and 
Treated  via  tlie  Protocol  during  1995. 


Data  Element 

March  1995 

June  1995 

October  1995 

Evaluated 

Number  of  protocol 

patients/total  number 

of  patients  receiving 

respirator)'  care  ( % ) 

228/345  (66) 

190/252(75) 

177/227(78) 

Number  of  physicians 

ordering  protocols 

109 

95 

105 

Number  {''/'c )  ordering 

generic  protocol  rather 

than  specific  protocol 

171 (75) 

161  (85) 

152(86) 

Number  C^f )  of  times 

physician  agreed  with 

care  plan 

206(901 

179(941 

172(97) 

Number  C*-)  of  patients 

whose  treatmcm 

frequency  was  tapered 

prior  to  discharge 

88 (39) 

61  (.32) 

67 (38) 

Number  (9f )  of  patients 

who  were  discontinued 

or  placed  on  pm  status 

prior  to  discharge 

55  (24) 

55  (29) 

23(13) 

Numbered-)  of  patients 

who  were  tapered  to 

their  home  regimen 

prior  to  discharge 

52 (23) 

51  (27) 

53 (30) 

Number  {9r )  of  patients 

who  were  re-assessed 

within  48-72  hours  of 

last  assessment 

217(95) 

180(951 

175(99) 

Cost  Savings 

The  cost  savings  identified  during  3-month  pre-  and  post- 
piogiam  e\aluatit)ns  ;ue  summarized  in  Table  2.  Tlie  utilization 
and  cost  savings  were  extracted  from  our  institution's  inter- 
nal cost  accounting,  case-mix.  and  patient-billing  systems, 
and  were  not  derived  from  cost-charge  ratios.  The  cost  sav- 
ings identified  include  only  the  variable  costs  associated  with 
prov  iding  those  particular  services.  Included  in  our  institu- 
titm's  viiriablc  costs  lue  direct  labor,  mateilals.  and  fringe  ben- 
efits. Allocated  fixed  costs  have  been  excluded  from  this  anal- 
ysis because  those  amounts  tend  not  to  fluctuate  with  changes 
in  utilization.  As  a  result,  the  v  ariable  amount  n)easures  the 
actual  reduction  in  operating  expenses  resulting  from  the  RCPs' 
use  of  the  patient  assessment-treatment  system.  The  average 
cost  and  utilization  figures  reflected  in  Table  2  are  based  on 
total  hospital  discharges  of  patienls  in  the  20  highest  vtilume 


7, '6 


Respiratory  Care  •  August  "96  Vol  41  No  8 


Assessment-Treatment  Program 


Table  2.      Financial  Impact  of  Respiratory  Care  Assessment-Treatment  Program  Companng  a  3-Month  Evaluation  Period  to  a  Preprogram  Period* 


Base  Period 

RT  Protocol  Period 

Variance 

Unit 

April  93-June  93 
Avg            Avg 

April  95-June  95 
Avg           Avg 

from  B 

ase 

Savi 

ngs 

Service 

Avg 

Avg 

Description 

VarCost($) 

VarCost($) 

Units 

VarCost($) 

Units 

VarCost($) 

Units 

Cost($) 

Units 

Aerosol  Oxygen 

0.09 

0.63 

7.0 

0,21 

2.3 

0.42 

4.7 

376.32 

4.181.4 

Incentive  Setup 

14.63 

6.?1 

0.4 

4.33 

0.3 

2.19 

0.1 

1,956.18 

133.7 

Incentive  Daily 

7.86 

5.66 

0.7 

0.00 

0.0 

5.66 

0.7 

5.065.77 

644.5 

IPPB 

7.79 

6.33 

0.8 

2.70 

0.3 

3.63 

0,5 

3.250.92 

417.3 

Nebulizer  Rx 

6.82 

91.94 

13.5 

97.73 

14.3 

(5.80) 

(0.9) 

(5.189.07) 

(760.9) 

Pulse  Oximetry 

6.22 

5.98 

1.0 

4.51 

0.7 

1.47 

0.2 

1,311.92 

210.9 

Oxygen 

0.09 

7.15 

79.4 

3.92 

43.6 

3.23 

35.9 

2,890.46 

32,116.2 

CPT 

7.61 

12.93 

1.7 

7.48 

1.0 

5.45 

0.7 

4,875.35 

640.7 

Oxygen  Supplies 

799.56 

Totals 

137.13 

104.5 

120.88 

62.5 

16.25 

41.9 

15,337.41 

37.583.8 

♦Numbers  have  been  rounded.  Variable  unit  costs  were  used  to  calculate  average  variable  costs  of  798  patients  during  the  3-month  base  period  and  for  895  patients  during  the 
3-month  respiratory  care  protocol  period.  Average  cost  savings  variance  from  the  base  period  was  calculated  and  used  to  document  total  cost  savings,  IPPB  =  intermittent 
positive  pressure  breathing;  CPT  =  chest  physiotherapy. 


DRGs  that  incorporate  respiratory  care  in  our  facility,  dur- 
ing the  3-nionth  comparative  time  periods  (April-June  1993 
and  April-June  1 995 ).  Outlier  cases  as  defined  by  the  Health 
Care  Financing  Administration^-  have  been  excluded  from 
the  analysis.  When  the  3-month  periods  were  compared,  a  sig- 
nificant reduction  was  seen  in  operating  expenses  of  $16.25/ 
patient,  (p  =  0.007).  resulting  in  a  total  savings  of  $15,337 
including  oxygen  supply  savings).  If  utilization  and  patient 
referrals  remain  constant,  this  extrapolates  to  an  annual  cost 
savings  of  $61 ,348.  These  cost  savings  con'elate  with  the  utili- 
zation control  trends  demonstrated  in  Table  1  and  not  to  sav- 
ings associated  with  the  overall  decline  in  patient  stay  dur- 
ing that  period.  This  is  supported  by  clinical  resource  utilization 
Uends  for  ancillary  services  that  indicate  that  the  highest  inten- 
sity of  services  occurs  during  the  first  few  days  of  a  patient's 
stay.  Because  these  data  were  also  case-mix  and  inflation 
adjusted,  the  costs  savings  can  be  attributed  neither  to  dif- 
ferences in  severity  of  illness  between  the  two  populations 
nor  simply  to  inflationary  cost  increases. 


Discussion 


Building  on  Success 


A  key  to  gaining  approval  to  implement  protocols  on  a  hos- 
pitalwide  scale  was  our  ability  to  build  on  the  success  demon- 
strated during  the  pilot  program.  Many  of  the  initial  fears 
brought  foilh  by  nurses  and  physicians  during  the  pilot  pro- 
gram either  did  not  materialize  or  were  successfully  addressed. 
This  made  the  'sales  job'  to  other  physicians  easier  as  the  scope 
of  the  project  grew.  Despite  this  luxury,  we  invested  a  great 
deal  of  time  in  attending  physician  department  meetings  to 
'sell'  the  merits  of  the  program.  We  also  focused  on  meet- 


ing with  resident  staff  because  they  were  providing  cover- 
age on  55%  of  the  patients  admitted  to  our  535-bed,  university- 
affiliated  teaching  hospital.  The  participation  of  the  Piilmon;u-y 
Medical  Director  or  his  Associate  in  the  group  meetings  with 
the  Pulmonary  Administrator  to  outline  the  protocol  process 
to  their  physician  colleagues  proved  to  be  an  effective  tech- 
nique. However,  we  attribute  the  program's  growth  to  effec- 
tively selling  the  process  on  a  daily  basis  to  our  physician  users. 
It  is  one  thing  to  stimulate  interest  in  a  program  during  a  group 
meeting  but  quite  another  to  produce  a  product  that  the  group 
finds  advantageous  and  chooses  to  use  again.  Each  patient 
care  evaluator  was  challenged  to  develop  a  personal  30-sec- 
ond  "infomercial'  and  present  the  physicians  with  protocols 
(Memorial  Medical  Center  Respiratory  Protocols).  A  typi- 
cal encounter  is: 

Dr  Jones,  we  received  an  order  for  Mr  Thomp- 
son in  86 18  for  a  small  volume  nebulizer  with 
albuterol  sulfate.  As  you  may  or  may  not  be  aware, 
we  have  a  respiratory  care  assessment-treatment 
program.  By  ordering  "Respiratory  Care  Proto- 
col," your  patient  will  be  evaluated  by  an  RCP, 
and  if  it  is  indicated,  appropriate  respiratory  care 
will  be  initiated  utilizing  physician-approved  pro- 
tocols. A  care  plan  will  be  established  and  sum- 
marized for  you  in  the  patient  progress  notes.  Ther- 
apy will  be  tapered,  changed,  discontinued,  or 
adjusted  to  match  home  therapy  regimens  with 
important  events  recorded  in  the  progress  notes. 
If  at  any  time,  you  feel  that  the  care  plan  is  not 
appropriate,  you,  of  course,  always  have  the  ulti- 
mate decision-making  authority  and  may  inter- 
vene with  specific  orders.  There  are  safeguards 
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built  into  the  process  that  require  the  RCP  to  make 
a  physician  contact  tor  such  tilings  as  adverse  reac- 
tions to  drugs  or  therapy  frequencies  greater  than 
every  4  hours.  Here  is  a  copy  of  our  pocket  guide 
to  respiratory  protocols.  Would  you  be  willing 
to  give  me  an  order  for  "Respiratory  Care  Pro- 
tocol" for  Mr  Thompson? 

This  one-on-one  technique  has  proven  to  be  effective,  but 
as  with  all  successful  sales  experiences,  one  ultimately  must 
have  a  good  product  to  otfer.  We  believe  that  a  persuasive 
RCP  with  good  oral  communication  skills  may  account  for 
the  first  order  for  protocols  from  a  particular  physician,  but 
subsequent  orders  are  acquired  due  to  the  merits  of  the  pro- 
cess. We  are  pleased  with  our  current  78%  piirticipation  rate 
for  what  has  been  designed  as  a  strictly  voluntary  program. 

Anecdotal  Observations 

Over  the  past  2  years,  the  protocol  system  has  had  a  pos- 
itive impact  on  the  nursing  units  as  it  has  evolved  in  both  scope 
and  direction.  We  believe  that  respiratory  care  protocols  suc- 
ceeded with  the  nursing  staff  because  the  process  assists  them 
in  providing  better  care  to  their  patients.  In  fact,  at  the  begin- 
ning the  nursing  staff  was  in  some  respects  more  accepting 
of  the  respiratory  protocols  than  were  some  RCPs.  Our  nurs- 
ing staff  has  taken  full  advantage  of  respiratory  protocols.  Res- 
piratory concerns  are  still  directed  to  the  attending  physicians, 
but  increasingly  the  contacts  are  made  to  obtain  respiratory 
protocol  orders  for  their  patients.  Nurses  have  come  to  rely 
on  the  knowledge  and  judgment  of  the  RCPs.  They  trust  that 
their  patient's  respiratory  needs  will  be  correctly  and  personally 
assessed  at  the  bedside.  If  a  pulmonmA  complication  requires 
further  physician  involvement,  the  RCPs  make  a  call  after  con- 
sulting with  the  nurse.  The  nursing  staff  has  appreciated  this 
suppoil  and  has  shown  confidence  that  the  RCPs  will  actively 
communicate  assessments  and  care  plans,  noi  only  on  the 
patient's  chart  but  also  with  them  personally. 

Before  the  use  of  protocols.  RCPs  outside  of  the  Intensive 
Care  Units  worked  almost  completely  independent  of  nurs- 
ing. Respiratory  protocols  hel|x.'d  change  the  entire  relationship 
between  the  RCPs  and  the  nursing  staff.  Bonds  have  been 
developed  due  to  the  way  that  the  process  encourages  com- 
munication and  teamwork.  This  has  been  a  refreshing  envi- 
ronment to  experience  given  the  chaos  that  is  present  in  the 
changing  world  of  health  care. 

The  team  approach  that  we  have  developed  w  iih  nursing 
has  provided  other  opportunities  to  work  together.  In  the  past 
year,  the  nursing  staff  has  invited  RCPs  to  participate  in  their 
hospitalwide  nursing  skills  days.  The  event  had  been  designed 
as  a  continuing  education  progriun  strictly  for  nurses,  but  RCPs 
are  now  key  participants  and  instructors. 

OurCardio-Pulmonary  .Services  Department  has  been  able 
to  reap  other  direct  rewards  from  the  protocol  process.  Most 


importantly,  they  have  demonstrated  value  to  our  organiza- 
tion. Some  hospitals  have  sought  to  save  money  by  decen- 
tralizing or  eliminating  respiratory  care  departments.  Our  facil- 
ity has  chosen  to  maintain  all  the  advantages  of  a  multiskilled. 
central  depailmeni  that  deploys  personnel  where\ er  and  w hen- 
ever  they  are  needed.  At  the  same  time,  we  have  looked  to 
implement  prognuns  such  as  respiratory  protocols  in  an  attempt 
to  enhance  teamwork,  improve  patient  care,  and  lower  costs 
through  utilization  control. 

We  believe  that  RCPs  have  had  a  positive  impact  on  patient 
care.  An  anecdotal  account  of  a  patient  situation  that  occuired 
in  the  early  stages  of  our  program  involved  only  a  few  RCPs 
but  enhanced  the  morale  of  the  entire  department.  The  patient 
in  question  was  a  34-year-old,  black  man  who  presented  with 
ligament  damage  to  the  right  knee.  A  man  of  superb  physi- 
cal condition,  he  was  a  karate  instiiictor  whose  injury  occurred 
during  routine  sparring.  Although  respiratory  care  protocols 
were  ordered,  our  staff  did  not  expect  a  respiratory  challenge 
during  the  course  of  the  planned  2-day  admission.  Eveiything 
initially  went  well.  The  arthroscopic  surgery  on  the  damaged 
knee  was  a  complete  success.  The  patient  was  returned  to  his 
room  following  surgery  and  the  remainder  of  the  day  passed 
without  incident.  According  to  procedure,  an  RCP  fully 
assessed  the  patient  following  surgery.  The  initial  workup 
revealed  the  obvious — a  young  man  of  enviable  physical  healtli 
and  physique.  However,  the  assessment  on  the  moniing  after 
surgery  revealed  a  single  disturbing  fact.  The  patient's  oxy- 
gen saturation  as  measured  by  pulse  oximetry  had  dropped 
to  82*^.  This  was  noted  in  the  chart  and.  as  provided  by  pro- 
tocol, supplemental  oxygen  via  nasal  cannula  was  initiated. 
The  patient  was  assessed  twice  more  that  day,  and  each  time 
a  low  oxygen  saturation  was  noted  even  with  the  patient  on 
supplemental  oxygen.  The  attending  physicians  were  paged 
upon  each  assessment  but  believed  the  readings  to  be  erro- 
neous because  they  did  not  match  the  clinical  picture.  The 
patient  showed  no  other  signs  or  symptoms  and  when  ques- 
tioned stated  that  he  was  not  short  of  breath.  An  initial  request 
by  the  RCP  for  arterial  blood  gas  analysis  was  denied.  At  the 
end  of  the  first  postoperative  day.  discharge  on  schedule  was 
still  planned.  Due  to  the  mounting  documentation  of  concerns 
expressed  by  the  RCPs.  a  pulmont)logist  was  called  to  con- 
sult on  the  second  postoperative  day.  An  arterial  blood  sam- 
ple was  drawn  and  analysis  revealed  a  Pao,  of  53  ton-  and  oxy- 
gen saturation  of  83'7f .  Further  testing  revealed  that  the  patient 
had  suffered  a  pulmonary  embolism.  It  was  believed  that  his 
unique  physical  conditioning  had  masked  the  usual  signs  and 
symptoms  of  the  condition.  The  patient's  discharge  was  post- 
pi>ned.  During  the  several  days  of  heparin  therapv  that  ensued, 
the  RCPs  followed  him  closely.  His  oxygenation  status  grad- 
ually improved,  and  he  was  discharged  without  incident  on 
postoperative  Day  6.  Did  the  RCPs  save  a  life  through  the  use 
of  protocols'.'  We  will  never  know,  but  the  respiratory  care 
staff  was  understandably  proud  of  their  contribution  to  this 
patient's  care. 
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Undertreatment  vs  Overtreatment 

Although  the  emphasis  of  respiratory  care  assessment-treat- 
ment programs  is  often  on  reduction  of  therapy,  some  stud- 
ies have  suggested  that  patients  may  also  be  undeitreated.-*'^ 
Our  own  data,  as  shown  in  Table  2.  confirm  that  utilization 
of  some  treatment  modalities  actually  increased  with  the  use 
of  protocols  as  compiued  to  the  base  period.  Accurate  patient 
assessments  identify  the  need  to  treat  as  well  as  not  to  treat. 
These  utilization  trends  tend  to  vary  with  case-mix  severity. 

Financial  Success  Demonstrated 

The  financial  success  of  the  program  has  resulted  from  a 
reduction  in  utilization  of  respiratory  sen  ices  via  more  aggres- 
sive tapering  and  discontinuing  of  therapy.  All  of  our  quan- 
tification of  savings  has  been  in  terms  of  true  hospital  costs 
rather  than  charges.  Because  most  patients  who  receive  res- 
piratory care  in  our  facility  are  on  some  form  of  fixed  pay- 
ment, hospital  charges  are  economically  less  important  than 
consumption  of  respiratory  services.  The  demonstrated  cost 
savings  identified  in  Table  2  is  three  times  that  documented 
in  our  original  pilot  study.*  which  encompassed  only  one  nurs- 
ing unit  as  opposed  to  a  hospitalwide  initiative.  This  suggests 
that  we  were  successful  in  expanding  the  financial  benefits 
of  the  program.  Although  the  results  are  important,  they  do 
not  represent  all  the  cost  savings  associated  w  ith  the  process. 
The  protocol  participation  rate  during  the  months  of  April 
through  June  1995  gradually  increased  to  75%.  As  higher  par- 
ticipation rates  are  sustained,  costs  savings  should  increase. 
Reported  cost  savings  are  also  understated  because  it  is  likely 
that  there  were  additional  savings  associated  with  other  DRGs 
that  did  not  make  our  "top  20'  utilization  list.  In  addition,  our 
results  did  not  include  costs  savings  that  occurred  from  per- 
forming a  patient  evaluation  and  choosing  to  provide  no  treat- 
ment to  patients  who  might  otherwise  have  been  ordered  on 
therapy.  Costs  have  also  been  reduced  by  placing  patients  on 
self-administered  care  once  they  have  been  tapered  to  their 
home  regimen.  The  entire  process  has  provided  an  effective 
tool  for  the  physicians  who  solicit  the  assistance  of  RCPs  in 
an  attempt  to  lower  their  hospital  cost/case  profile.  We  believe 
that  hospitals  choosing  to  use  RCPs  in  this  fashion  w  ill  reap 
the  financial  benefits  and  also  improve  employee  satisfaction 
through  enhanced  professional  standing. 

Staff  Satisfaction 

The  process  of  implementing  a  patient  assessment-treat- 
ment program  in\olved  important  changes  on  the  part  of  the 
staff.  During  the  change  process,  even  though  most  staff  mem- 
bers agreed  in  concept  with  the  benefits  of  protocol  use,  there 
were  'growing  pains"  associated  with  the  work  created  by  the 
increased  time  spent  evaluating  patients,  documenting  care 
plans,  and  communicating  with  physicians  and  nurses.  Now 


that  we  are  2  years  into  the  process,  there  is  a  grow ing  sense 
of  pride  among  our  staff  in  regards  to  what  has  been  accom- 
plished. As  our  health-care  system  continues  to  experience 
massive  change  driven  by  the  desire  to  contain  costs,  it  has 
become  increasingly  clear  to  our  staff  that  RCPs  must  demon- 
strate value  to  their  organizations.  The  protocol  process  has 
pro\  ided  a  vehicle  to  demonstrate  \alue  and  has  tlius  enhanced 
the  RCPs"  o\  erall  image  in  our  institution.  This  has  resulted 
in  a  perceived  impro\ement  in  staff  morale  in  relationship  to 
satisfaction  with  the  patient  care  role  they  are  providing  and 
the  interactions  they  are  experiencing  with  their  professional 
colleagues.  We  will  attempt  to  measure  this  perceived  improve- 
ment in  morale  via  an  employee-satisfaction  survey  sched- 
uled for  completion  during  1996. 

Quality  Monitoring  Goals 

Establishing  a  statistically  valid  improvement  in  quality 
of  care  as  a  result  of  our  patient  assessment-treatment  pro- 
gram was  beyond  the  scope  of  this  study.  However,  the  fact 
that  the  physicians  intenened  so  infrequently  with  the  RCP's 
care  plan  is  a  positive  indicator  of  quality.  Several  other  gen- 
eral quality  monitoring  tools  were  used  during  the  2-year  eval- 
uation period.  Although  they  do  not  specifically  validate  the 
quality  of  the  protocol  process,  the  results  are  encouraging. 
Hospital  mortality  compared  favorably  with  the  benchmark 
of  the  Maryland  Quality  Indicator  Project.^'  This  project  ini- 
tiated in  1988  as  part  of  a  research  grant  originally  managed 
by  the  Maryland  Hospital  Association  is  now  self-sustaining 
and  is  recognized  as  a  premier  benchmiuking  tool.  Compaiati\e 
data  are  provided  from  50  multihospital  systems  and  allied 
hospital  associations  representing  900  acute  care  hospitals. 
In  addition  to  the  Mainland  Project  data,  there  were  no  unex- 
pected deaths  attributed  to  the  use  of  the  respiratory  assess- 
ment-treatment program  as  reported  by  the  Quality  Monitoring 
Department.  The  Risk  Management  Department  reported  1 20 
respiratory-related  incidents  during  tlie  evaluation  period.  These 
incident  reports  related  to  order  errors  on  nonprotocol  patients, 
medication  eiTors.  loss  of  airway,  and  equipment  failures.  None 
of  these  reports  was  related  to  problems  or  complications  asso- 
ciated with  the  use  of  protocols.  These  data  suggest  that  the 
patient-incident  system  is  being  utilized.  Therefore,  the  fact 
that  no  protocol-related  incidents  were  identified  is  encour- 
aging. Overall  hospital  average  length  of  stay  (ALOS)  declined 
from  7.3  days  in  October  1993  to  6.2  days  in  October  1995. 
This  is  a  national  trend  that  is  infiuenced  by  a  variety  of  fac- 
tors including  increased  pressures  from  insurance  companies 
to  discharge  patients  sooner.  The  use  of  protocols  cannot  be 
credited  for  this  decline.  However,  we  are  pleased  that  the 
ALOS  has  declined  during  this  period  of  protocol  u.se.  We 
have  observed  that  RCPs  still  have  a  tendency  to  en-  on  the 
side  of  treating  rather  than  not  treating  patients  whose  indi- 
cations for  therapy  are  questionable.  This  tends  to  minimize 
disagreements  with  physicians  but  suggests  that  there  may 
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be  further  opportunities  to  decrease  costs  without  impacting 
quality  ot'ciue  as  the  use  of  the  protocol  process  matures.  This 
will  likely  occur  as  increasing  financial  pressures  provide 
greater  incentives  to  work  in  a  collaborative  fashion  to  de\elop 
the  most  cost-effective  and  efficacious  care  plan. 

Improved  C'ommiinicalion 


effective.  Studies  have  suggested'' and  our  own  experience 
supports  that  much  of  the  ordered  respiratory  care  in  hospi- 
tals today  is  inappropriate.  We  believe  that  using  the  more 
sophisticated  patient-assessment  skills  of  RCPs  to  assist  physi- 
cians in  monitoring  appropriate  use  of  clinical  resources  and 
then  allowing  them  to  also  deli\er  that  care  is  a  cost-effec- 
tive svstem. 


Improved  communication  is  difficult  to  measure,  but  our 
patient  assessment-treatment  program  has  clearly  increased 
the  frequency  of  communications  of  RCPs  with  physicians 
and  nurses.  According  to  the  opinions  of  the  RCPs.  relationships 
have  improved.  This  is  evidenced  by  the  increasing  number 
of  ht)spital  initiatives  that  RCPs  have  been  asked  to  partici- 
pate in  that  were  not  afforded  to  them  prior  to  the  imple- 
mentation of  the  protocol  process.  By  establishing  collabo- 
rative relationships  through  the  use  of  protocols,  it  has  become 
natural  for  RCPs  to  be  included  as  part  of  the  team  in  impor- 
tant issues  such  as  restructuring  work  projects,  multidisciplinmy 
charting  documents,  and  information  systems  networking. 

Advicf  to  Would-Be  Iniplementors 


Conclusions 

We  successfully  expanded  a  patient  assessment-treatment 
program  from  a  pilot  study  on  a  single  nursing  unit  to  a  hos- 
pitalwide  initiative  in  a  535-bed  university-affiliated  teach- 
ing facility.  The  criteria  established  to  measure  our  success 
indicated  that  our  goals  were  achieved.  Participation  in  the 
program  was  high  with  an  excellent  percentage  of  the  RCPs" 
care  plans  accepted  by  the  physicians  without  intervention. 
Overall  utilization  of  respiratory  therapy  declined,  resulting 
in  a  3-month  cost  savings  of  $15,337  (annualized  .savings  rate 
of  $61,348).  Positive  results  of  a  successful  patient  as.sess- 
ment-Ueatment  program  can  be  used  as  a  mechanism  for  RCPs 
to  demonstrate  \'alue  to  their  orsanizations. 


Clinical  resource  management  efforts  continue  to  be  one 
of  the  most  important  initiatives  that  acute  care  hospitals  can 
undertake  in  the  competitive,  cost-conscious,  rapidly  chang- 
ing world  of  health  care.  Every  institution  has  its  own  polit- 
ical culture  that  influences  the  ease  (or  difficulty)  associated 
with  establishing  an  assessment-treatment  program.  Devel- 
oping systems  that  can  reduce  cost  while  maintaining  high 
quality  c;ire  tits  the  su^ategic  direction  of  most  health-care  orga- 
nizations today.  Even  if  an  assessment-treatment  program  can- 
not be  developed  on  a  full-scale  basis,  a  department  can  begin 
with  the  preparatory  work  of  involving  the  medical  director, 
developing  protocols,  educating  staff,  and  looking  for  oppor- 
tunities to  conduct  pilot  studies.  Eventually,  what  may  seem 
impossible  now  may  turn  out  to  be  desirable  when  new  incen- 
tives (financial  or  otherwise)  develop.  It  is  not  necessary  to 
"reinvent  the  wheel."  Numerous  examples  of  protocols^-'and 
their  current  uses^^  are  available  in  the  literature. 

Our  experience**  suggests  that  a  pilot  program  is  a  good  way 
to  gain  experience  and  work  through  problems  of  a  new  sys- 
tem on  a  small  scale.  A  pilot  program  also  allows  for  the  col- 
lection of  data  to  support  the  use  of  protocols  on  a  hirger  scale. 
It  is  advisable  to  expand  systematically  to  develop  confidence 
and  establish  success  stories.  Poor  performance  with  a  few 
patients  can  destroy  a  program,  even  if  the  majority  of  patients 
are  cared  for  appropriatch .  Placing  emphasis  on  the  training 
of  staff  in  patient-assessment  skills  lends  credibility  to  the  pro- 
gram and  increases  the  chances  of  success. 

A  major  point  to  emphasize  v\'hen  selling  the  potential  mer- 
its of  such  a  protocol  system  is  tliat  the  practice  ot  having  100% 
of  the  respiratory  care  currently  ordered  administered  by  care- 
gixers  with  lesser  skills  (and.  therefore,  cheaper)  is  not  cost 
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MEMORIAL  MEDICAL  CENTER  Kl  Sl'IRATORV  CARE  PROTOCOLS 


How  to  ordt'r: 

Generic  order:  "Respiralory  ProlDeol" 
or 

Specific  order: 

"Oxygen  Protocol" 
"Bronchodilator  Prolocol" 
"Bronchial  Hygiene  Piolocol" 
"Volume  Expansion  Protocol" 


What  you  receive: 

PalieiU  e\aliiation  by  a  Respiratory  Care  Practitioner 
Therapy  initiated  if  appropriate,  using  physician  approved  guide- 
lines 

Progress  note  repoils  with  direct  physician  contacts  when  required 
Tapering  and  liiscontinuance  of  therapy 
Suggestions  for  use  of  pertinent  services;  Pulmonary  Rehab. 
Home  Care,  sleep  studies,  etc. 


Call  for  answers  to  questions:  Respiratory  Care  Superv  isor.  Pager  1  -234 


OXYGEN  THERAPY 

PIRPOSE: 

To  maintain  oxygen  saturation  >  90%  or  to 
pre\  enl  or  avoid  tissue  hypoxia  on  patients 
ordered  to  receive  oxygen. 
THERAPEUTIC  OBJECTIVES: 

A.  Treatment  of  hypoxemia. 

B.  Decrease  work  of  breathing. 

C.  Decrease  myocardial  work. 
INDICATIONS: 

A.  I>icumented  hypoxemia — P.,0}  of  <  60 
mm  Hg  or  Spo,  <  QO'/r  in  adults. 

B.  An  acute  care  situation  associated  with 
suspected  tissue  hypoxia  (e.g.  pulmon;u\ 
edema,  drug  overdose,  carbon  monox- 
ide poisoning,  anemia  I. 

C.  Clinical  signs  or  symptoms  of  tissue 
hy|xr\ia  (e.g.  tachycardia,  tachypnea,  dys- 
pnea, cyanosis,  diaphoresis,  confusion, 
or  chest  pain). 

D.  Acute  myocardial  infarction  with  con- 
tinuing pain,  arrhythmias,  or  congestive 
heart  failure. 

\i.  Immeiliate  postoperative  period  (post 
anesthesia  room)  until  the  patient  is 
awake  and  v  ilal  signs  are  stable. 

t  RI I  KRIA  FOR  USE  OF  A  LOW- 

FLOW  S\  STEM: 

A.  .Adetiuate  lung  expansion 

B.  Respiratory  rate:  <  2.*!  breaths/min 

C.  Ventilatiiry  pattein:  regular 

D.  Requiied  liter  How  <  6  L/min 

C  RII  KRIA  FOR  USE  OF  A  HIGH- 
FLOW  SYSTEM: 

A.  Required  >  6  L/min  or  i)A5  F|0; 

B.  Rapid,  shallow  breathing  pattern 


C.  Evidence  of  alveoku' hypoventilation  with 
COi  retention 

D.  Respiratory  rate  >  2.^  breaths/min 
OUTCOME  CRITERIA: 

A.  Titration  of  oxygen — Titrate  Qt  to  main- 
tain SpO:  >  9{Wc  (>  92'7c  for  cardiac 
patients)  allowing  1 5-M)  minutes  for  sta- 
bilization. Re-evaliiale  based  on  patient 
clinical  condition  (minimum  of  evei-y  24 
hours).  Oxygen  may  be  discontinued 
when  patient  is  able  to  maintain  SpO;  ^ 
90%  on  room  air  for  24  hours  with  sta- 
ble vital  signs  (():  for  post-tip  patients  may 
be  discontinued  sooner  if  SpO;  ^  92%  ). 

B.  Guidelines/Warnings:  If  patient  is  not  tol- 
erating titration  prixjess.  return  to  previous 
settings,  i^assess  patient  ;uid  continue  pro- 
cess as  tolerated.  II  greater  than  2  L/min 
or  .30%  oxygen  is  required  to  mamlain 
SpO;  ^  90%,  the  physician  will  be  con- 
tacted for  first  setting  and  modality. 

AEROSOLIZED  MEDICAL 
THERAPY  PROTOCOL 

PURPOSE: 

To  administer  aerosoli/.ed  medication  by  the 
appropriate  delivery  .system. 
THERAPEUTIC  OIUECTIVES: 
.\.  Improve  pulmonarv  airtlow. 

B.  Improve  sputum  clearance. 

C.  Relieve  or  prevent  dyspnea. 

D.  Improve  oxygenation  and/or  carbon  diox- 
ide elimination. 

E.  To  relieve  airway  edema. 
INDICATIONS: 

A.  Wheezing. 


B.  Impaired  cleiu'ance  of  secretions  froin  the 
lungs. 

C.  Tracheobronchial  mucosal  congestion 
and  laryngeal  stridor. 

CRITERIA  FOR  METHOD  OF 
DELIVERY: 

A.  IPPB  is  indicated  if: 

1 .  Ventilation  is  inadequate  as  in  neu- 
romuscular disease,  kyphoscoliosis 
or  when  v  ilal  capacity  is  <  .30%-  of 
predicted. 

2.  Refractory  atelectasis  has  developed. 

B.  Metered  Dose  Inhaler  (MDI )  w  ith  spacer 
(e.g.  Aerochamber)  is  indicated  if: 

1.  Medication(s)  available  in  this  deliv- 
ery method. 

2.  Patient  is  alert/cooperative. 

3.  Able  to  perfonn  3-second  breath  hold. 

4.  Patient  has  deinonstrated  ability  to  use 
MDI  effectively. 

C.  Small  V  olume,  h;uid-held  nebuli/cr  ( HHN) 
is  indicated  it: 

1.  Medication  is  not  available  in  MDI 
form. 

2.  Ventilation  is  not  adequate. 

3.  Patient  deinonstrates  inability  to  use 
MDI  effectively. 

STANDARD  PROTOCOL: 
A  beta  agonist  will  be  used  QID  &  PRN  as 
the  standard  for  bronchodilator  therapy.  The 
current  dmg  utilized  is  Albuterol  Sulfate.  1/2 
cc  diluted  with  nonnal  saline  for  IPPB  and 
HHN  or  3-4  puffs  by  MDI.  Atrovent  Solu- 
tion 1/2  cc  may  be  added  in  COPD  patients 
for  maximum  bronchodilator  effect. 
NOTE: 
If  the  Respiratory  Care  Practitioner  believes 


712 


RESPIRATORY  CARE  •  AUGUST  "96  VOL  4  1  NO  8 


Assessment-Treatment  Program 


that  the  patient  may  benefit  from  vasocon- 
strictors such  as  Vaponephrine.  an  anti- 
inflammatory agent  such  as  Intal.  or  a  muco- 
lytic agent  such  as  Mucomyst.  a  physician 
contact  will  be  made. 
OUTCOME  CRITERIA: 

A.  GuidelinesAVarnings: 

Evaluate  patient's  clinical  status  for 
changes  that  indicate  a  need  for  change 
in  the  treatment  plan  such  as: 

1 .  A  pulse  greater  than  1 20  bpm.  or  if  a 
pulse  increase  of  20  bpm  occurs  within 
30  minutes  of  discontinuing  therapy. 

2.  Significant  worsening  of  dyspnea  or 
wheezing  occurring  during  or  w  ithin 
30  minutes  of  discontinuing  therapy. 

3.  Worsening  of  patient's  sensonum  (e.g. 
patient  becomes  confused  or  obtunded 
and  unable  to  follow  directions). 

4.  Worsening  of  patient's  chest  ,\-ray. 

3.  Change  in  sputum  (e.g.  increased  pul- 
monary infiltrate,  which  might  indicate 
need  for  volume  expansion  therapy). 

6.  Patient  has  difficulty  coughing  up 
secretions,  which  might  indicate  need 
for  acetylcysteine  and/or  bronchial 
hygiene  therapy. 

B.  Measurement  of  spirometry  or  peak  flow 
may  be  indicated  in  select  patients. 

C.  In  select  patients,  after  initial  instruction, 
MDI  therapy  may  be  self  administered 
by  the  patient  or  under  supen'ision  of  the 
nursing  staff. 

D.  Aerosol  Therapy  frequency  may  be  tapered 
as  symptoms/indications  diminish. 

E.  Aerosolized  medication(s)  may  be  dis- 
continued when  goals  have  been  met  and 
patient  has  been  symptom  free  for  24  hours. 

BRONCHIAL  HYGIENE  THERAPY 

PURPOSE: 

To  open  obstructed  airways  or  maintain 
patent  airways  in  patients  at  high  risk,  the 
respiratory  care  practitioner  will  utilize  the 
following  protocol  to  select  and  initiate 
bronchial  hygiene  therapy  when  indicated. 
THERAPEUTIC  OBJECTIVES: 
To  facilitate  mobilization  of  secretions. 
INDICATIONS: 
A.  Aerosol  Therapy; 

1 .  To  restore  and  maintain  mucociliary 
clearance. 

2.  To  hydrate  dned/retained  secretions. 


3.   To  promote  expectoration. 

B.  PercussioiiA'ibration  and  Posttiral  Drain- 
age Therapy 

Conditions  that  require  assistance  with 
mobilization  of  secretions  such  as  bronch- 
iectasis, cystic  fibrosis  and  bronchitis. 

STANDARD  PROTOCOL: 

A.  Aerosol  therapy  w  ill  be  administered  con- 
tinuously with  room  air  if  piped  air  is 
available  or  w  ith  28%  oxygen  if  piped 
air  is  not  available. 

B.  Percussion/vibration  and  postural  drain- 
age will  be  administered  QID  and  PRN. 

OUTCOME  CRITERIA: 

A.  GuidelinesAVarnings: 

Evaluate  patient's  clinical  status  for 
changes  that  indicate  a  need  for  change 
in  the  treatmeiu  plan  such  as: 

1.  Change  in  the  patient's  sensorium 
(i.e.,  confused  or  obtunded  occumng 
after  Rx  initiated)  may  check  SpO;  or 
request  ABG. 

2.  Significant  worsening  of  dyspnea. 

3.  A  significant  deterioration  in  patient's 
chest  x-ray. 

4.  Increased  thickening/production  of 
secretions  (e.g.  mucolytic  therapy 
may  be  indicated). 

5.  Development  of  wheezing. 

6.  Decreasing  SaO:/SpO;. 

7.  Chest  pain 

8.  Significant  patient  discomfort  (e.g. 
increased  pain  due  to  percussion 
therapy). 

B.  Bronchial  hygiene  therapy  may  be 
tapered  as  the  patient's  symptoms/indi- 
cations diminish. 

C.  Bronchial  hygiene  therapy  may  be  dis- 
continued when  goals  of  therapy  are  met, 
e.g.  secretions  easily  expectorated  for  24 
hours,  atelectasis  is  resohed,  etc. 

PULMONARY  VOLUME 
EXPANSION  THERAPY 

PURPOSE: 

The  respiratory  care  practitioner  will  utilize 
the  following  protocol  to  select  the  indicated 
type  of  pulmonary  volume  expansion  therapy 
to  prevent  or  conect  pulmonary  atelectasis. 
THERAPEUTIC  OBJECTIVES: 
A.  Prevent  or  aid  in  the  treatment  of  pul- 
monary atelectasis  through  periodic  lung 
hyperventilation. 


B.  Improve  mobilization  of  bronchial  secre- 
tions by  promoting  more  effective  cough- 
ing (e.g.,  increased  inspiratory  capacity). 

INDICATIONS: 

A.  Incentive  Spirometry: 

1 .  Presence  of  pulmonary  atelectasis. 

2.  Restncti\e  lung  defect  associated  with 
quadriplegia  and/or  dysfunctional 
diaphragm. 

3.  Risk  for  developing  pulmonary 
atelectasis  in: 

a.  Upper  abdominal  surgery 

b.  Thoracic  surgery 

c.  Neurosurgical  patients 

B.  Indications  for  Intennittent  Positive  Pres- 
sure Breathing  (IPPB): 

1 .  Presence  of  pulmonary  atelectasis  in 
patients  with  VC  <  30%  of  predicted. 

2.  Presence  of  decreased  lung  compli- 
ance in  restrictive  lung  disease,  i.e., 
severe  kyphoscoliosis. 

3.  Management  of  impending  or  wors- 
ening hypercapnic  respiratory  failure, 
to  increase  lung  expansion. 

STANDARD  PROTOCOL: 

A.  Incentive  Spirometry — One  time  instruc- 
tion followed  by  nursing  encouraged  self 
administration. 

B.  IPPB— Volume-oriented  QID  &  PRN. 
OUTCOME  CRITERIA: 

A.  GuidelinesAVarnings 

Evaluate  patient's  clinical  status  for 
changes  that  indicate  a  need  for  change 
in  the  treatment  plan  such  as: 

1.  A  pulse  greater  than  120  bpm.  or  if 
a  pulse  increase  of  20  bpm  occurs 
with  bronchodilator  medications. 

2.  Significant  worsening  or  dyspnea. 

3.  Wheezing. 

4.  Change  in  patient's  sensorium  (i.e. 
patient  now  confused  or  obtunded, 
and/or  unable  to  follow  directions)  or 
decreased  patient  cooperation. 

5.  Significant  worsening  in  patient's 
chest  x-ray  or  sputum  production. 

6.  Physician  will  be  called  immediately 
if  there  is  significant  worsening  of 
atelectasis,  and  within  48  hours  if  no 
clinical  improvement  occurs. 

B.  IPPB  frequency  may  be  tapered  as  the 
patient's  symptoms/indications  diminish. 

C.  IPPB  may  be  discontinued  when  goals  are 
met  or  indications  are  no  longer  present. 

NOTES: 
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An  Operational  Evaluation  of  the  Bird  A\dan  Transport  Ventilator 

Timothy  B  Op'l  Holt  EdD  RRT 


BACKGROUND:  Mechanically  ventilating  a  patient  with  a  manual  venti- 
lator during  transport  has  been  known  to  result  in  hyperventilation  and  deliv- 
ery of  inconsistent  tidal  volumes  (V|)  and  oxygen  concentrations,  and  hence 
has  led  to  the  development  of  transport  ventilators.  I  evaluated  the  Bird  Prod- 
ucts Avian  transport  ventilator  to  determine  the  ventilator's  conformity  to 
criteria  established  by  the  American  Association  for  Respiratory  Care. 
DESCRIPTION  OF  DKVICE:  The  ventilator  Ls  pneumaticallv  powered,  micro- 
prtM.essor-  controlled,  time-  or  pressure-triggered,  pressure-limited,  and  time- 
cycled,  and  can  provide  breaths  in  the  control,  assist/control,  SIMV,  or  CPAP 
modes.  All  functions  are  set  by  rotating  function-labeled  knobs.  EVALUA- 
TION METHODS:  Conformity  of  the  ventilator  to  published  guidelines  and 
specifications,  V  i  delivery  at  0.5, 1.0,  and  1.5  L  and  test-lung  compliance  of 
0.02, 0.04  and  0.10 17cm  H2O,  and  pressure-trigger  and  demand-valve  respon- 
siveness were  evaluated  in  2  ventilators  borrowed  from  clinical  service,  using 
a  test  lung  and  associated  software.  Alarm  functioas  were  aLso  evaluated.  EVAI^ 
UATION  RESULTS:  V  i  and  sigh  volumes,  ventilatory  rates,  and  inspiratory 
times  were  consistent  between  the  2  ventilators  tested.  Phe  delivered  V 1  s  var- 
ied from  -8.8%  to  +1.2%  from  the  set  value.  Assist  and  demand-valve  sen- 
sitivities were  within  1.0  cm  H^O  [0.1  kPal  of  the  set  values.  With  the  Ambu 
PEEP  valve  attached,  expiratory  pressures  were  11-13  cm  HiO  (0.1 1-0.13  kPa| 
above  baseline.  Alarms  functioned  within  specifications.  Gas  consumption 
was  3.8  and  6.6  L/min  for  the  2  ventilators  studied.  CONCLUSIONS:  The 
Avian  confonns  to  the  standards  set  in  the  literature  and  functioas  within  man- 
ufacturer's specifications.  Assist  and  demand-valve  sensitivities  are  consis- 
tent with  that  set  on  the  ventilator  and  are  sensitive  to  simulated  patient  effort 
Cias  consumption  exceeded  manufacturer's  specifications  in  the  units  tested. 
Potential  exists  for  increased  expiratory  work  when  the  Ambu  PEEP  valve 
isused.  IRespirCarc  iy%:41(8):714-723) 


Introduction  and  use  of  transport  ventilators.  Critically  ill,  ventilator-depen- 

dent patients  are  often  transported  to  magnetic  resonance  imag- 
Intra-  and  interhtispital  transport  of  mechanically  venti-         ing.  computerized  tomography,  or  radionucleotide  imaging 
lated  patients  is  a  common  event  and  predates  the  invention         suites,  distant  trom  the  intensive  care  unit.  Ventilation  ot  the 

patient  during  these  U-ansporLs  has  been  accomplished  through 
the  use  of  manual  ventilators  and/or  portable  transport  ven- 

tilators.  Several  studies  have  exaniineil  tlie  bkxxi  gas  and  hemo- 
DrOp't  Holt  is  Associate  Professor.  Cardiorespiratory  Sciences  Program.  .  r  1   .■  1       „.  1  ..„, 

^  ,,         r  »„   J  ■■    ,u  n   r  II  .      (■  c   „h  Ai.,K..„..  dvnamic  conscquences  of  vcutilation  Via  iiianual  veutiiator 

riill.-ni-  nt   AllicH   Health   Professions.  Universitv  ot  south  Alabaina.  uj  iiuin.v- vw...  »,,^„>. 

and  use  of  portable  ventilators  during  transport.'^  Other  .stud- 
ies have  evaluated  the  effecti\eness  of  transport  ventilators. 

Tlie  author  has  no  financial  interest  in  any  of  the  devices  or  products  pre-  j^^jj^  j^  ([^g  laboratory  and  in  the  clinical  setting. ^^  In  addi- 
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36604.  email  address:  topiholt@jaguari  .usouthal.edu.  Mechanical  Ventilators— 1 992"^  and  a  Clinical  PracUce  Guide- 

7  [4  RESPIR.VrORV  CAR£  •  AUGUST  "96  VOL  41  NO  8 


Transport  Ventilator  Evaluation 


line:  Transport  of  the  MechanicalK  Ventilated  Patient.'"  which 
suggest  additional  e\  akiation  criteria. 

To  my  knowledge,  this  study  is  the  first  published  eval- 
uation of  the  Avian  transport  \entilator.*  designed  for  intra- 
hospiial.  field,  and  aeromedical  ventilation  of  children  and 
adults.  The  device  and  its  conformity  with  the  AARC  Con- 
sensus Conference  Statement  and  AARC  Clinical  Practice 
Guideline  luv  described  and  the  results  of  operational  and  lab- 
oratory e\aluations  reported. 

Description  of  Device 

The  Avian  ventilator  (Fig.  I )  is  a  pneumatically  powered, 
microprocessor-controlled,  time-  or  pressure-triggered,  pres- 
sure-limited, and  time-cycled  ventilator.  Specifications  and 
alarm  and  monitoring  functions  are  show  n  in  Table  1 . 

Pneumatic  System 

Figure  2  shows  that  gas  enters  the  \entilator  and  flows 
to  a  pressure-reducing  valve,  where  pressure  is  reduced  to 
30  psi.  This  provides  a  stable  operating  pressure  for  the 
remaining  internal  components,  a  stable  tidal  volume  ( Vj). 
and  a  reliable  demand  flow,  even  if  inlet  pressure  fluctuates. 
Gas  enters  the  main  solenoid  valve,  which  controls  the  flow 


Suppliers  of  commercial  products  are  listed  in  ihe  Product  Sources  sec- 
tion at  the  end  of  the  text. 


of  gas  for  mandatory  breaths.  At  the  beginning  of  inspira- 
tion, this  valve  opens  and  gas  flows  through  the  flow-con- 
trol valve,  which  regulates  the  flow  to  the  operator-set  value. 
The  flow-control  poppet  attached  to  the  flow-control  valve 
senses  the  position  of  the  vahe  and  sends  this  information 
to  the  microprocessor  for  calculation  and  display  of  the  inspi- 
ratory Vj.  Flow  continues  through  the  check  valve  and  out 
of  the  \  entilator  into  the  circuit.  At  the  end  of  inspiration, 
the  main  solenoid  closes.  During  inspiration,  the  exhalation 
valve  balloon  is  inflated  by  gas  at  a  pressure  that  is  gener- 
ated upstream  from  the  check  valve.  At  the  end  of  inspira- 
tion, the  exhalation  valve  balloon  gas  is  bled-off  at  the  ori- 
fice. During  a  spontaneous  breath  in  the  synchronized 
intennittent  mandatoiy  \entilation  (SIMV)  or  continuous  pos- 
itive airway  pressure  (CPAP)  inodes,  the  demand  solenoid 
valve  opens  in  response  to  the  patient's  inspiratory  effort. 
Gas  flow  from  the  regulator  and  demand  solenoid  valves  is 
regulated  up  to  100  L/min  in  respon.se  to  patient  demand  and 
flows  through  the  check  valve  to  the  patient.  Gas  not  used 
by  the  patient  is  vented  to  atmosphere  because  the  exhala- 
tion valve  is  not  closed  during  a  spontaneous  breath.  Deinand 
flow  stops  to  allow  exhalation  when  proximal  airway  pres- 
sure rises  above  the  reference  baseline.  The  pressure-relief 
valve  is  a  safety  feature  during  volume  ventilation  and  may 
be  used  to  deliver  pressure-limited  breaths.  Should  airway 
pressure  exceed  the  pressure-relief-valve  setting,  excess  gas 
is  vented  to  the  atmosphere,  while  pressure  is  held  constant 
at  the  relief  pressure.  In  the  event  of  ventilator  failure,  the 
patient  can  breathe  from  the  environment  through  the  anti- 


Fig.  1 .  Control  panel  of  the  Bird  Products  Avian  ventilator. 
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Table  1.      General  Specifications  for  the  A\ian  Transport  Ventilator 


Weight 

Dimensions 

Power  Sources 
External 

Internal 


Gas  Source 


Control  Variables  & 
Ranges 

Rate 

Inspiratory  time 

Tidal  volume 

Oxygen  concentration 

Modes 


Inspiratory  flow 

Scnsilivitv 

Sigh 


PEEP 

Pressure  relief 

Alarm  &  Monitoring 
Functions  &  Ranges 

Alarm 

High  peak  pressure 

Low  peak  pressure 

Inspiratory-to-expiratory 
time  ratio 

Apnea 

Disconnect 

External  power  low/fail 

Battery  low/fail 

PEEP  not  set 

Airway  pressure  monitor 
Peak  inspiratory  pressure 
Mean  airway  pressure 
Airway  pressure 


5.0  kg 

25.4  cm  (L)  x  .^0.5  cm  (W)  x  12.7  cm  (H) 


1 10-volt  alternating  current 

12-volt  direct  current  (automobile  battery) 

External  power  indicator 

6-volt  direct-current,  rechargeable  internal 

battery  (up  to  1 1  hours) 
Low-fail  indicator  illuminates  about  I  hour 

prior  to  failure;  audible  alarm  when  voltage 

drops  below  3.46  volts  DC 

Requires  40-6(1  psi  source;  reducing  valve 

reduces  to  30  psi 
Ventilator  supplies  10()'/(  source  gas; 

blender  required  to  provide  other  O; 

concentrations. 


0-1.50  breaths/min 

0.1  -3.0  s 

.SO-2000  niL 

1  OO'/c  source  gas 

Controlled,  assisted,  synchronized 

intermittent,  continuous  positive  airway 

pressure 
5-100  L/min 

-2  to  -8  cm  H:0  |-(0.2-O.IS7l  kPa] 
1.5  X  Vj  orTi,  every  100  breaths,  or 

7  minutes 
External  valve,  0-20  cm  H:0  |0- 1 .46  kPa| 

10-100  cm  HjO  10.98-9.8  kPaJ 


Range 

1-100  cm  H:0|(1.  l-9,Skl'a| 

Off.  2-.50cm  H:0  |0.2-4.9  kPa| 

T|  >  50%  total  cycle  time 
2  breaths  >  20  s  apart 
Pressure  increase  <  2  cm  H;0  |0.2  kPal 
External  voltage  out  of  range 
Battery  voltage  out  of  range 
Monitored  PEEP  ±5  cm  H:O|0.49  kPa] 
from  manually  set  PEEP 
-10  to  lOOcm  H:0  [-0.98-9.8  kPa| 
0-l(l0cmH;O  [0-9.8  kPal 
(1-100  cm  H:0  [0-9.8  kPa[ 
0-100  cm  H:0  [0-9.8  kPa| 


V't  =  lidul  volume.  T|  =  inspiralory  lime.  PEEP  =  positive  end-c,xpiralor\  prc^^urc. 


suffocation  \ ai\e.  Proximal  aii-way  pres.sure  i,s  measured  and 
converted  to  an  electrical  analog  signal  by  the  airway  pres- 
sure transducer.  This  pressure  is  used  for  the  bar  graph  dis- 
pla\ .  breath  triggering,  and  the  pressure  alarms. 


Modes 

The  mode  in  use  is  determined  by  the  mode-selection  knob, 
in  the  event  of  an  apneic  interval  longer  than  20  seconds  dur- 
ing CPAP,  the  apneic  ventilation  function  is  activated  to  pro- 
vide ventilation  at  a  rate  of  12  brealhs/min  at  the  set  Vj  or 
inspiratory  time  (T|)  and  flow. 

Controls 

All  functions  are  set  by  rotating  lunclion-labeled  knobs 
shown  in  Figure  1 ,  Whenever  the  adjacent  key  is  pres.sed.  the 
value  for  that  function  illuminates  in  the  digital  display  win- 
dow, and  any  time  a  knob  is  turned,  the  value  for  that  vari- 
able is  immediately  displayed  in  the  display  window.  The  pres- 
sure-relief valve  is  set  so  that  the  pressure-relief  valve  is  not 
activated  during  delivery  of  a  normal  Vj.  Because  the  level 
at  which  pressure  is  relieved  is  not  digitally  displayed,  the  user 
must  occlude  the  patient  connection,  monitor  peak  inspira- 
tory pressure  (PIP),  and  observe  the  display  window  to  check 
relief  pressure.  Airway  pressure  is  monitored  at  the  proximal 
airway  and  displayed  on  the  bar-graph  indicator:  and  in  the 
display  window  when  either  PIP  or  airway  pressure  (Paw)  keys 
are  pressed.  T|,  Vj,  flow,  and  rate  interact. 

PEEP  System 

Positive  end-expiratory  pressure  (PEEP)  is  supplied  by  an 
external  PEEP  \  aKe.  Under  nonnal  circumst;mces,  PEEP  com- 
pensation occurs  automatically  through  airway  pressure  mon- 
itoring, (ie,  PEEP  compensation  is  the  ventilator's  ability  to 
maintain  sensitivity  lo  patient  inspiratory  effort  as  the  base- 
line pressure,  PEEP,  is  increased  or  decreased. )  PEEP  com- 
pensation may  also  be  set  manually  via  the  m;inual  PEEP-ref- 
erence  function.  When  the  operator  depresses  the  manual 
PEEP-reference  button  for  longer  than  3  seconds,  the  digi- 
tal display  scrolls  from  0-20  cm  H2O.  When  the  button  is 
released,  the  value  shown  in  the  display  window  becomes  the 
PEEP  reference,  hispiratory  pressure-trigger  sensitivity  may 
be  set  in  increments  of  2  cm  H2O  |0.2  kPa]  from  -2  to  -8  cm 
H:0  [-0.2  to  -0.78  kPa]  below  baseline. 

Patient  Circuit 

The  patient  circuit  and  gas  supply  connect  to  the  front  of 
the  ventilator.  Although  tlie  ventilator  is  supplied  with  a  reusable 
circuit,  disposable  circuits  are  available.  The  patient  circuit 
consists  of  a  4-piece  patient  \  ah  e  that  has  a  balloon-type  exha- 
lation valve.  connectit)ns  for  the  exhalation  valve  line  and  air- 
way pressure  monitoring  line,  and  a  15/22-miTi  patient  con- 
nection. Connecting  the  patient  \  alve  lo  the  ventilator  are  a 
large-bore  comigated  tubing  for  gas  deli\ery  and  two  1/8"  Uibes 
for  the  exhalation  valve  and  pressure  monitor.  A  high-pres- 
sure hose  is  pro\  ided  lo  connect  the  \cntilator  10  a  blender 
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Microcomputer 
Controller 


Fig.  2.  Diagram  of  Bird  Products  Avian  ventilator.  PEEP 
(Courtesy  of  Bird  Products  Corp.  Palm  Springs  CA) 


positive  end-expiratory  pressure,  PSIG  =  pounds  per  square  inch  gauge. 


or  other  gas  source.  Adjacent  to  the  circuit  connections  is  the 
external  power  jactc. 

Application  of  the  Device 

The  ventilator  is  intended  for  use  in  clinical,  field  hospi- 
tal, aeromedical,  and  transport  situations.  It  is  designed  for 
use  on  adults  and  for  children  with  Vjs  as  low  as  50  mL  and 
T|S  as  short  as  0. 1  second.  No  circuit  specifically  for  pedi- 
atric use  has  been  recommended  by  the  manufacturer  although 
any  circuit  with  low  compressible  voluiue  and  external  exha- 
lation valve  should  be  acceptable.  The  circuit  supplied  with 
the  ventilator  has  a  compliance  of  0.42  mL/cm  H2O  and  is 
probably  suitable  for  pediatric  use.  The  ventilator  is  not  com- 
patible with  magnetic  resonance  imaging  because  of  its  metal- 
lic components,  and  pressure  support  is  not  available. 

Before  the  patient  is  connected  to  the  ventilator,  the  mode 
knob  is  placed  in  the  CAL  position.  During  CAL.  the  micro- 
processor illuminates  all  light-emitting  diodes  and  monitors  the 
airway  pressure  transducer  output.  If  all  checks  are  within  range. 
PASS  appears  in  tlie  display  window.  Any  test  out  of  range  results 
in  a  FAIL  display,  and  the  ventilator  should  not  be  used.  Once 
calibration  is  complete,  the  user  continues  by  setting  controls. 


Methods 


Testing  Criteria 


The  A  ARC  Consensus  Statement  issued  in  1992"'  cate- 
gorizes ventilator  features  as  essential,  recommended,  or 


optional.  I  used  those  categories  and  the  criteria  in  the  trans- 
port ventilator  Clinical  Practice  Guideline"'  and  those  in  sim- 
ilar studies.'-'* Two  Avian  ventilators  that  had  been  in  clini- 
cal use  were  provided  for  this  study  by  the  manufacturer's 
representative.  All  tests  were  performed  on  both  ventilators, 
(referred  to  as  VI  and  V2).  Data  were  reported  as  means  and 
standard  deviations. 

Operational  Evaluation 

The  \entilator  was  tested  to  determine  ( 1 )  its  ability  to 
deliver  a  set  Vj  when  test-lung  compliance  (Ctl)  was  var- 
ied. (2)  pressure  trigger  sensitivity  for  mandatory  breaths.  (3) 
pressure  changes  produced  during  CPAP,  (4)  accuracy  of  rate 
and  inspiratory  time  and  sigh  interval  and  volume.  (5)  alarm 
function.  (6)  battery  life,  and  (7)  gas  consumption.  The  ven- 
tilator was  set  up  according  to  manufacturer's  sjjecifications." 
The  ventilator's  pressure  transducer  was  calibrated  by  posi- 
tioning the  mode  knob  in  the  CAL  position  for  3  seconds,  until 
the  PASS  message  illuminated.  This  process  zeros  the  trans- 
ducer and  allows  the  ventilator  to  compensate  for  thermal  and 
long-term  drift  from  zero  baseline. 

All  volumes,  pressures,  and  times  were  measured  by  the 
Michigan  Instmments  Training  Test  Lung  (TTL)  and  its  data 
acquisition  software.  PneuView  V2.2.  which  is  the  software 
link  between  the  TTL  and  computer  (personal  computer  with 
a  486  processor).  Tlie  test  lung  has  been  used  for  several  years 
for  the  puiposes  of  simulating  a  breathing  lung,  and  for  ven- 
tilator testing,  instruction,  demonstration,  research,  and  engi- 
neering. TTie  software  requires  a  hardware  modification  to  the 
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test  lung  consisting  of  three  pressure  transducers:  one  for  each 
king,  and  one  for  the  proximal  airway  pressure. 

Pressure  signals  are  sampled  at  a  rate  of  100/s,  converted 
from  analog  to  digital  values,  converted  to  cm  H2O.  and  then 
digitally  displayed.  Volumes  are  determined  by  taking  the 
measured  pressure  values  and  submitting  them  to  electronic 
volume  tables.  Volume  tables  are  created  by  the  manufac- 
turer by  making  24  injections  of  volume  ranging  from  20  to 
2,000  mL  at  each  Ctloh  10  different  TTL  devices,  for  a  total 
of  3.600  injections.  These  tables  are  part  of  the  software,  and 
all  were  updated  for  Version  2.2.  Before  starting  a  test  run, 
the  user  enters  a  reference  compliance  that  is  the  same  as  the 
Cji..  When  a  pressure  is  measured  for  a  given  Ctl.  a  Vj results 
(P  X  CTL  =  Vj).  Tliis  Vt  is  corrected  for  temperature  and  baro- 
metric pressure,  both  of  which  are  set  by  the  user  as  refer- 
ence conditions  in  the  software.  This  results  in  the  displayed 
V]-.  The  software  determines  volumes  in  the  range  of  0.1  to 
4.0  L.  The  Vx divided  by  the  Ti  from  the  computer's  clock 
results  in  the  displayed  flow,  which  is  corrected  for  resistance, 
an  additional  user-set  reference  value.  Airway  resistance  is 
changed  by  placing  adapters  of  known  resistance  between 
the  ventilator  being  tested  and  the  test  lung.  The  software  has 
options  for  waveform  analysis  on  a  breath-to-breath  basis, 
trending  of  ventilator  performance,  and  a  translator  program 
to  allow  translation  of  tabulated  data  into  ASCII  format  for 
conversion  to  spreadsheet  programs.  Any  of  the  data  captured 
by  the  software  can  be  graphically  displayed  on  the  computer 
screen  or  printed. 

To  calibrate  the  TTL,  pressures  were  calculated  for  each 
compliance  used  (20,  40,  and  100  mL/cm  H2O)  at  500  and 
i  ,000  niL  (P  =  V/C).  The  pressure  transducers  were  zeroed 
using  the  offset  potentiometer  on  the  back  panel  of  the  test 
lung.  A  volume  of  air  (500  or  1 ,000  mL)  was  injected  using 
a  1 .0-L  calibration  syringe,  and  the  pressure  transducer  was 
calibrated  to  the  predicted  pressure,  using  the  gain  potentiometer 
on  the  back  panel  of  the  test  lung.  The  test  lung  was  also 
checked  for  leaks  before  testing  by  the  injection  of  1.0  L  at 
a  Cti.  of  0.02  mL/cm  H2O,  a  procedure  expected  to  produce 
a  pressure  that  should  not  drop  by  more  than  1 .0  cm  H2O  in 
30  seconds.  Once  the  test  lung  and  software  are  calibrated, 
and  reference  values  for  compliance,  resistance,  temperature, 
and  barometric  pressure  are  entered,  the  system  is  ready  for 
ventilator  testing. 

Vts  and  Cjl  were  set  as  described  by  Johannigman  et 
ah*  however,  the  use  of  the  TTL  with  the  PneuView  pro- 
gram is  a  new  methodology  introduced  in  this  report.  Ven- 
tilator rate  was  set  to  12  breaths/min  and  How  to  60  L/min, 
with  Ctl  set  of  100  [9.8],  40  [3.9],  and  20  mL/cm  H2O  [1.9 
kPa]  for  Vt  of  500.  1 .000,  and  1 .500  mL.  The  Rp-5  resis- 
tor, supplied  by  the  manufacturer  of  the  test  lung,  was  placed 
between  the  proximal  pressure  tap  and  the  'trachea,"  to  sim- 
ulate normal  airway  resistance.  All  measurements  were  for 
I  minute.  Comparisons  were  made  based  upon  10  con- 
secutive breaths. 


Sigh  volume  ( V„gh)  and  rate  were  tested  by  using  the  ven- 
tilator-performance trending  capability  of  the  software.  Vt 
was  set  at  800  mL,  flow  at  60  L/min,  and  rate  at  20  breaths/ 
min,  which  should  result  in  a  1 ,200-mL  Vs,gh  every  5.0  min- 
utes (every  100  breaths).  V^.gh  was  tested  at  CtlS  of  100  [9.8 
kPa],  40  [3.9  kPa],  and  20  mL/cm  H2O  [  1 .9  kPa].  Sigh  fre- 
quency was  checked  by  observing  the  time  interval  between 
each  sigh. 

Accuracy  of  time-triggered  ventilator  rate  was  checked  at 
10,  25,  50,  100,  and  150  breaths/min  by  setting  the  desired 
rate  on  the  ventilator  and  observing  the  measured  rate  with 
the  software.  Accuracy  of  Tj  was  checked  at  0.2, 0.5,  1 .0,  and 
1.5  seconds  by  observing  actual  T|  as  digitally  displayed. 

Pressure-trigger  sensitivity  for  mandatory  breaths  was  tested 
by  setting  the  trigger  sensitivity  at  -2.0  and  ^.0  cm  H2O  [-0.2 
and  -0.4  kPa]  with  a  Vt  of  500  mL  and  a  rate  of  1 5  breaths/min 
and  connecting  the  ventilator  to  the  right  lung  of  the  TTL. 
Spontaneous  inspiratory  efforts  were  simulated  by  the  left 
side  of  the  test  lung  ventilated  by  a  Bear-1  ventilator  set  at 
a  rate  of  15  breaths/min,  inspiratory  flow  50  L/min,  and  Vt 
of  200  mL  to  lift  the  right  lung  using  the  lung-coupling  clip 
supplied  by  the  test  lung  manufacturer.  Actual  pressures  at 
which  volume  delivery  commenced  were  recorded  and  means 
(SD)  calculated. 

Pressure  changes  produced  during  CPAP  were  analyzed 
by  setting  CPAP  levels  of  +5  [0.5],  -I-IO  [0.98],  and  -^15  [  1 .5] 
cm  H2O  [kPa]  and  recording  the  actual  negative  pressure  at 
the  pressure  output  of  the  test  lung  at  the  time  of  triggering 
and  by  observing  the  changes  in  the  pressure  pattern  through- 
out inspiration  following  the  initiation  of  the  breath.  PEEP  com- 
pensation was  allowed  to  set  automatically.  Sensitivity  was 
set  at  -2.0  [-0.2]  and  ^.0  [0.4  kPa].  Spontaneous  breathing 
was  simulated  by  ventilating  the  left  side  of  the  test  lung  with 
a  Bear- 1  ventilator  at  Vt  400  mL,  rate  1 5  breaths/mm,  peak 
inspiratory  flow  50  L/min,  and  square-wave  flow  pattern. 

The  low-pressure  alarm  was  tested  by  setting  it  to  2  cm 
H2O  [0.2  kPa]  below  the  peak  pressure,  then  allowing  the  peak 
pressure  to  fall  by  2  cm  H2O  [0.2  kPa].  The  high-pressure  alarm 
was  tested  by  setting  it  to  2  cm  H2O  [0.2  kPa]  above  peak  pres- 
sure and  then  compressing  the  test  lung  to  cause  a  pressure 
of  2  cm  H2O  [0.2  kPa]  above  peak.  The  apnea  alarm  was  tested 
by  setting  the  ventilator  in  the  CPAP  mode  and  withholding 
"spontaneous"  breaths. 

Battery  life  was  checked  by  charging  the  battery  overnight 
and  then  setting  the  ventilator  in  the  control  mode  with  Vt=  6(X) 
mL,  rate  =  1 2  breaths/min,  and  flow  =  60  L/min.  The  ventila- 
tor was  then  operated  until  the  Low-Power  light  illuminated. 

Ventilator  gas  consumption  was  determined  by  subtract- 
ing the  amount  of  gas  used  to  provide  mmute  volume,  or  Ve 
(  Vt  X  f  X  length  of  test  in  minutes)  from  the  total  gas  con- 
sumed (pressure  change  in  the  K  cylinder  x  3.14),  yielding 
the  ventilator  gas  consumption.  The  ventilator  gas  consumption 
was  divided  by  the  number  of  minutes  of  the  test,  yielding 
the  ventilator  gas  consumption  in  L/min: 
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ventilator  gas  consumption  = 

[(gas  pressure  change  x  3.14)-(VeX  minutes  of  test)| 
minutes  of  test. 

The  manufacturer's  specifications  state  that  gas  consumption 
is  2-3  L/min  beyond  that  for  Vg. 

Results 

Vjs  dehvered  to  the  circuit-test  lung  system  are  shown  in 
Table  2  and  were  both  higher  and  lower  than  the  set  Vxs,  vary- 
ing from  -8.8  to  1 .2%  from  the  set  Vjs.  VsighS  (specified  to 
be  1 .3  times  the  Vj. or  1 .2  L  in  this  study)  are  supplied  in  Table 
2.  Sigh  frequency  was  1  sigh  every  5  minutes. 

Table  2.      Measured  Tidal  Volumes*  at  3  Set  Tidal  Volumes  and  Test- 
Lung  Compliances  (Ctl)  and  Sigh  Volumes  at  Those 
Compliances.  Uncompensated  for  Tubing  Compliance 


Test 

Set  Ctl  ( 

mL/cm  H:0)  [mL/0.98  kPa] 

Ventilator 

20 

40 

100 

SetVT(mL) 

500                   VI 

470.6  (4.2) 

456.3(1.3) 

460.8(1.5) 

V2 

492.7  (5.4) 

466.5  (2.6) 

470.8(1.9) 

1000                 VI 

1,001.3(8.5) 

966.1  (3.6) 

983.7  (2.7) 

V2 

969.4(1.4) 

982.1  (1.7) 

969.4(1.4) 

1500                 VI 

1.528.6(2.0) 

1,469.3(1.7) 

1,460.8(1.8) 

V2 

1.510.1  (5.0) 

1.445.0(5.0) 

1.464.0(9.0) 

Set  V„gh(mL) 

1200                 VI 

1,186 

1.180 

1.227 

V2 

1,116                    1,165 

al  volumes  (Vys)  are  mean  (SD)  for  H 

1.129 

*  Vaiue!^  reported  for  no 

breaths.  V^.g,,  = 

sigh  volumes. 

The  actual  ventilator  rates  at  set  rates  of  10,  25.  50.  100. 
and  150  breaths/minute  were  9.9.  24.8. 49.6.  98.4.  and  146.3. 
respectively.  There  were  no  differences  between  ventilators. 
Actual  inspiratory  times  for  set  inspiratory  times  of  0.2.  0.5. 
1.0,  and  1.5  seconds  were  0.25.  0.51.  1.01.  and  1.52  seconds, 
respectively.  There  were  no  differences  between  ventilators. 

TTie  mean  (SD)  sensiti\ity  of  the  inspiratory  pressure-trig- 
aeiino  mechanism  during  10  breaths  in  the  assist/control  mode 


was  - 1 .95  (0. 1 4 )  cm  H:0  for  V 1  and  -2. 1 4  (0. 1 3 )  for  V2  when 
set  at  -2  cm  H:0.  and  3.5  (0.22)  cm  HjO  for  VI  and  -3.59 
(0. 16)  for  V2  when  set  at  -4  cm  H^O.  Pressure  changes  dur- 
ing CPAP  on  sensitivity  are  shown  in  Table  3  and  Figure  3. 
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Fig.  3.  Pressure  curve  at  5  cm  HjO  [0.49  kPa]  continuous  positive 
airway  pressure  (CPAP).  From  the  set  CPAP  level,  following  the 
Inspiratory  effort  (A),  pressure  plateaus  throughout  Inspiration.  At 
end  inspiration  (B),  the  patient  must  overcome  the  resistance  of 
this  particular  brand  of  positive  end-expiratory  pressure  valve,  evi- 
denced by  the  spike  which  exceeds  a  pressure  of  10  cm  H2O  [1.0 
kPa]  above  CPAP. 


Low-pressure,  high-pressure,  and  apnea  alarm  functions 
operated  according  to  manufacturer's  specifications.  When 
the  airway  pressure  dropped  below  the  set  limit  (2  cm  HiO 
below  PIP),  the  Low-Pressure  alarm  sounded  and  the  Low- 
Pressure  indicator  illuminated.  However,  at  the  set  limits  with 
an  inspiratory  flow  of  70  L/min  and  Vj  500  mL.  decreasing 
the  Vj  to  100  mL  did  not  decrease  the  pro.ximal  airway  pres- 
sure enough  to  trigger  the  alarm.  The  Low-Pressure  alarm  did 
sound  within  1  breath  of  disconnection.  When  airway  pres- 
sure exceeded  the  set  limit  (2  cm  H2O  above  PIP),  the  alarm 


Table  3.      Set  and  Actual  Demand- Valve  Sensitivities  at  5,  10.  and  15  cm  H1O  [0.49,  0.98.  and  1.47  kPa]  of  Continuous  Positive  Airway  Pressure 
(CPAP)  for  2  Test  Ventilators  (VI  &  V2). 


CPAP  5  cm  H2O 


CPAPlOcmHiO 


CPAPlScmH.Q 


Set  Pressure 

_T 

-4 

_") 

-4 

_2 

-4 

Actual  Pressure 
VI 
V2 

-2.6(0.17)* 
-1.9(0.15) 

-2.74(0.25) 
-3.69(0.15) 

-2.62(0.16) 
-1.65(0.78) 

-2.74(0.19) 
-2.18(0.15) 

-2.90(0.18) 
-2.28(0.16) 

-2.30(0.21) 
-2.34(0.17) 

*  Values  are  mean  (SD) 
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sounded  and  the  High-Pressure  indicator  illuminated.  In  the 
CPAP  mode,  when  spontaneous  breaths  were  withheld  for 
20  seconds,  the  apnea  alann  sounded,  the  visual  apnea  alarm 
flashed,  and  the  ventilatory  rate  became  12  breaths/min. 

The  design  of  the  ventilator  is  such  that  when  gas  supply 
is  less  than  40  psi.  an  antisuffocation  valve  opens  during  inspi- 
ration, denoted  by  a  honking  sound.  When  the  gas  supply  pres- 
sure fails  completely,  the  ventilator  delivers  gas  that  has 
remained  in  the  pneumatic  circuit.  The  patient  may  then  breathe 
spontaneously  through  the  antisuffocation  vahe.  In  both  cases. 
as  soon  as  PIP  fell  to  the  low  pressure  limit,  the  Low-Pres- 
sure  alarm  sounded. 

The  ventilators  were  operated  for  14  hours  at  Vj  600  mL. 
rate  of  12,  and  flow  of  60  L/min.  After  14  hours,  the  alarm 
sounded  with  each  breath  and  the  Battery-Fail  light  illumi- 
nated. After  16  hours,  the  alarm  sounded  continuously.  The 
test  was  discontinued  at  16.5  hours,  to  avoid  exhausting  the 
batteries.  During  this  period,  the  ventilators  continued  to  deliver 
the  set  rate  and  Vj. 

Each  ventilator  was  operated  for  just  o\'er  3  hours  to  deter- 
mine ventilator  gas  consumption.  Other  than  the  gas  that  was 
used  to  ventilate  the  test  lung,  the  V 1  required  3.8  L  02/min 
and  V2  required  6.6  L  O2/  min  to  operate  the  internal  circuits 
and  valves.  This  represents  a  127-220%  increase  over  the  man- 
ufacturer's specification. 

The  Avian  conforms  to  most  recommendations  and  stan- 
dards of  the  AARC  Consensus  Statement  and  the  Clinical 
Practice  Guideline  for  transport  \entilators  as  illustrated  in 
Tables  4-6. 

Table  4,      Conformity  of  the  Avian  Ventilator  to  Recommendations  in 
AARC  Clinical  Practice  Guideline:  Transport  of 
Mechanically  Ventilated  Patients" 


Recommendation 


.•\\  ian  Conforms'^ 


Independent  control  of  tidal  volume 
Independent  control  of  respiratory  frequency 
Provides  continuous  mechanical  ventilation  in 

Assist/control  mode 

Intermittent  mandatory  mode 
Delivers  constant  volume  in  the  face  of  changing 

pulmonary  impedance 
Monitors  airway  pressure 
Provides  a  disconnect  alarm 
Provides  PEEP  (with  ancillary  PEEP  valve) 
Provides  100%  oxygen  (precise  control  with  blender  I 


Yes 
Yes 

Yes 
Yes 

Yes 
Yes 

Yes 
Yes 
Yes 


PEEP  =  positive  end-expiratory  pressure 


It  has  been  recoiniiiciulcd  that  the  transport  \entilator 
weigh  <  5  kg.  controls  be  tin  the  same  plane,  dimensions 
facilitate  post  mounting  or  placing  on  the  bed.  and  control 
knobs  be  difficult  to  change  inadvertently.'"  The  .Asian  meets 
these  recommendations. 

It  is  recommended  that  circuit  assembly  be  easy  and  mis- 
asseinbK  impossible.  The  patient  connection  consists  of  4 


pieces  that  cannot  be  improperly  assembled.  The  3  tubes — 
gas  delivery,  pro.ximal  airway  pressure,  and  exhalation  \iilve — 
have  fittings  that  cannot  be  interchanged  at  the  ventilator.  Prox- 
imit>  of  the  3  connections  to  the  \entilator  and  the  location 
of  the  handle  causes  the  connection  of  the  3  tubes  to  the  ven- 
tilator to  be  difficult  for  someone  with  large  hands.  It  is  rec- 
ommended that  the  xentilator  have  a  pressure-relief  valve,  anti- 
asphyxia  valve,  low  -battery  indicator,  and  loss-oi'-gas-source 
alarm. '°  The  Avian  has  these  features  except  that  the  gas  source 
loss  is  not  directly  measured. 

Discussion 

During  intrahospital  transport  of  critically  ill  patients, 
hypotension,  cardiac  arrhythmias,  hypoxemia,  hyper-  and 
hypoventilation,  and  acidemia  or  alkalemia  may  occur.  Sev- 
eral investigators  have  studied  the  occurrence  of  these  com- 
plications during  transport  while  the  patient  was  either  being 
manually  ventilated  or  ventilated  with  one  of  several  portable 
transport  ventilators.  In  Hurst  et  al's  study.'  all  patients  showed 
a  marked  respiratory  alkalosis  following  transport  w  ith  a  man- 
ual \entilator.  while  the  same  patients  ventilated  w ith  the  tfans- 
port  ventilator  displayed  no  alkalosis.  Likew  ise  in  the  study 
by  Braman  et  al'  and  Gervais  et  al.-  arterial  blood-gas  val- 
ues in  patients  transported  with  a  manual  ventilator  demon- 
strated alkalosis  caused  by  "oNerzealous  use""  of  the  manual 
ventilator.  However,  both  Gervais  et  al-  and  Weg  et  al''  showed 
that  if  the  manual  \entilator  operator  maintained  the  patient's 
minute  \entilation  equal  to  that  before  transport,  no  signif- 
icant changes  in  blood  gas  values  developed.  In  my  experi- 
ence, undivided  attention  to  manual  ventilation  is  difficult 
because  one  must  also  pay  attention  to  getting  the  patient"s 
bed  through  doorways,  into  elevators,  and  through  crowded 
corridors,  while  a\oiding  the  dislodging  of  catheters  and  other 
tubes.  Each  of  the  authors'  ■*  agrees  that  the  use  of  a  transptirt 
ventilator  is  effective  in  appropriately  maintaining  the  patient's 
blood  gas  values.  However,  the  use  of  a  transport  \entilator 
has  not  become  a  standard  of  caie  in  the  same  sense  that  pulse 
oximetry  seems  to  have  become  an  essential  element  of  mon- 
itoring critically  ill  patients. 

Several  studies  have  focused  on  the  performance  char- 
acteristics of  available  portable  ventilators.  Prominent  in  these 
studies  were  measurements  of  deli\ered  \'j.  In  the  study  by 
Campbell  and  colleagues'  of  the  Impact  Uni-Vent  150.  Vt 
decreased  insignificantly  as  compliance  decreased  from  100 
to  20  mL/cm  H:0  [  1 .0  to  0.20  kPa].  A  significant  decrease 
in  Vj  as  compliance  decreased  was  documented  by  Johan- 
nigman  et  afs  evaluation"  of  the  Hamilton  MAX  ventilator. 
Results  are  similar  for  other  ventilators  tested:  the  decrease 
in  Vj  varied  widely  by  \entilalor  model.*'^  Also  included  in 
these  reports  were  evaluations  of  demand-valve  sensitivity 
w  ith  and  w  ithout  PEEP,  alarm  performance,  and  the  venti- 
lator's ability  ti)  maintain  arterial  blood  gases  in  a  selected 
group  of  patients. 
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Table  5.      Conformity  of  the  Avian  Ventilator  to  Criteria  Established  b>  AARC  Consensus  Statement  on  the  Essentials  of  Mechanical  Ventilators- 
1992'" 


Status 

Feature 

Essential 

Optional 

Recommended 

Avian  Conforms? 

Control 

Positive  pressure 

tidal  breaths 

Yes 

Mandatory'  rate 

Yes 

PEEP 

Flow,  I:E.  or  Ti  control 

Yes 
Yes 

Fdo-  (with  blender) 

Yes 

Spontaneous  breathing  modes 

Yes 

Breath  triggering  mechanism 

Yes 

PSV  or  MMV 

No 

Monitoring 

Peak  pressure 
PEEP 

Mean  airway  pressure 
Plateau  pressure 

Intrinsic  PEEP 

Machine  Vg 

Spontaneous  Vg 

Flow  timing 
Spontaneous  flow 

Exhaled  Vt 

Exhaled  spontaneous  V^ 

Inspired  spontaneous  Vt 

I:E 

Rate 

Lung  mechanics 

Tubing  compliance 

Yes 
Yes 

Checked  by  circuit  occlusion 

Yes 

No 

No 

No 

No 

No 

No 

No 

No 

Can  be  calculated 

Yes 

No 

No 

PEEP  =  positive  end-expirator\  pressure.  T|  =  inspiratory  time.  Fdo;  =  fraction  of  delivered  oxygen.  PSV  =  pressure  support  ventilalion,  MMV  =  mandatory  minute  ventila- 
tion. \'j  =  tidal  volume.  Ve  =  expired  volume/minute.  I:E  =  inspirator\-to-expirator\  ralio. 


Table  6.      Conformity  of  the  Avian  Ventilator  to  Recommendations  for 
Ventilator  Alarms  Established  by  .'\.'\RC  Consensus  State- 
ment on  the  Essentials  of  Mechanical  Ventilators — 1992'" 


Event 

Level  1                           Level  2 

Immediately                     Potentially 

Avian  Conforms'^ 

Life  Threatening             Life  Threatening 

Power  failure 

Yes 

Absence  of  gas 

delivery  (apnea) 

Yes 

Loss  of  gas  source 

Low-pressure  alarm 

Excessive  gas  delivery 

No 

Exhalation  valve  failure 

Low-pressure  alarm 

Battery  power  loss 

Yes 

Circuit  leak 

Yes 

Blender  failure 

Low-pressure  alarm 

Partial  circuit  occlusion 

Yes 

Heater/humidifier 

failure 

Not  applicable 

Loss  of  or  excessive 

PEEP 

No 

Autocycling 

If  PEEP  reference 

not  set 

PEEP  =  positive  end-expiratop.  pressure 

Since  publication  of  the  repoils  mentioned  and  others  on 
the  hazards  of  intrahospital  transport  and  transport  ventila- 
tor evaluation,  the  AARC  has  published  the  Consensus  State- 
ment on  the  Essentials  of  Mechanical  Ventilators,  "with  the 
intent  of  providing  clinicians  with  the  information  necessary 
to  make  infomied  decisions  regarding  the  purchase  and  oper- 
ation of  mechanical  ventilators  and  to  assist  manufacturers 
in  the  development  of  devices  that  best  serve  the  patient  and 
clinician."'"  In  addition,  the  AARC  has  made  recommendations 
in  the  Clinical  Practice  Guideline:  Transport  of  Mechanically 
Ventilated  Patients.''  Within  the  Guideline  is  a  list  of  hazards 
to  avoid  and  desirable  equipment  characteristics  to  consider 
when  intrahospital  transport  is  anticipated.  My  evaluation  tested 
the  consistency  of  the  Bird  Avian  ventilator  with  the  Con- 
sensus Statement  and  the  Guideline,  using  a  format  similar 
to  that  used  in  the  reports  of  Campbell  et  al"^  and  Johannig- 
man  et  al.* 

As  shown  in  Table  4.  the  Avian  complies  with  recom- 
mendations in  the  Transport  Guideline.''  Although  impedance 
was  not  measured,  no  clinically  important  change  in  tidal  or 
sigh  volume  was  observed  as  Ctl  was  decreased.  PEEP  is  not 
an  integral  control  on  the  ventilator,  but  a  PEEP  valve  is  pro- 
vided bv  the  manufacturer.  The  ventilator  is  designed  to  be 
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connected  to  a  50  psi  air-oxygen  blender  for  oxygen  con- 
centration control  from  0.2 1  - 1 .0,  but  O:  delivery  was  not  eval- 
uated. The  ventilator  conforms  to  most  of  the  AARC  Con- 
sensus Conference  recommendations.'"  The  ventilator  does 
not  monitor  several  of  the  variables  monitored  by  third-gen- 
eration adult  ventilators,  such  as  intrinsic  PEEP,  lung  mechan- 
ics, and  tubing  compliance,  but  the  risk  associated  with  not 
monitoring  them  during  transport  may  be  low  and  the  cost 
associated  with  providing  them  may  not  be  warranted.  The 
absence  of  an  ahirm  specifically  for  loss  of  gas  pressure  may 
be  important  because  several  other  malfunctions  can  cause 
the  low-circuit-pressure  alarm  to  sound.  Loss  of  source-gas 
pressure  is  probably  more  likely  on  a  transport  ventilator  than 
on  one  connected  to  a  central  source. 

The  ventilator  should  withstand  a  drop  to  the  floor — con- 
tinuing to  operate  or  allowing  ventilation  through  the  anti- 
suffocation  valve — but  this  was  not  evaluated.  It  is  possible 
that  settings  could  change  in  a  high-vibration  environment  such 
as  a  helicopter  or  ambulance,  but  the  tension  on  each  control 
knob  would  seem  to  make  such  an  accidental  change  unlikely. 

During  the  evaluation,  I  found  the  ventilator  easy  to  set 
up  and  operate  with  a  minimum  need  for  study. 

Operational  Evaluation 

Delivered  Vjs  tended  to  be  less  than  the  V  i  set,  but  the  dif- 
ferences are  probably  not  clinically  important  (-8.8  to  -i-1.2%) 
and  appear  to  be  independent  of  Ctl-  Volumes  determined 
by  the  PneuView  program  include  the  volume  in  the  venti- 
lator circuit  and  the  test  lung.  To  determine  only  the  test-lung 
volume  (a  volume  adjusted  for  circuit  compliance),  one  mul- 
tiplies the  circuit  compliance  by  the  PIP  luid  subtracts  this  prcxl- 
uct  from  the  total  delivered  Vj.  Therefore,  the  less  compli- 
ant the  circuit,  tlie  more  volume  actually  delivered  to  the  patient. 
However,  the  purpose  of  this  study  was  to  detemiine  total  deliv- 
ered volume,  rather  than  the  volume  adjusted  for  tubing  com- 
pliance. The  compliance  of  the  reusable  circuit  supplied  with 
the  ventilator  is  0.42  mL/cm  H^O.  The  differences  between 
set  and  delivered  volumes  for  the  Avian  are  <  the  differences 
reported  for  other  transport  ventilators.^^  V,,is,hS  varied  from 
-35  to  +29  niL  (<  y/c)  from  the  expected  value.  Differences 
between  ventilators  may  be  due  to  ( I )  intrinsic  variation  in 
the  ventilators  or  in  the  internal  calibration  or  (2)  differences 
in  PIP  and,  therefore,  in  the  volumes  calculated  by  the  soft- 
ware program.  Practitioners  should  verify  the  exhaled  Vj  with 
a  respironieter  or  similar  device  and  make  the  necessary  vol- 
ume adjustment  before  proceeding  v\  iih  the  transport. 

Gas  consumption  varied  between  the  2  \entilators  (.3.8 
L/min  for  VI  and  6.6  L/min  for  V2).  In  unreported  work.  1 
used  tlie  same  fonnula  but  a  different  pressure-reducing  valve. 
and  noted  the  gas  consumptiiin  of  2  other  Avian  ventilators 
to  be  4.2  and  3.0  L/min.  for  an  average  from  the  4  units  of 
4.4  L/min  ( 147'*  of  the  manufacturer's  specification). This 
increased  gas  consumption  could  be  due  to  an  internal  leak 


in  the  ventilator  and/or  inaccuracy  of  readings  from  the  pres- 
sure-reducing valve,  or  nonlinearity  of  the  pressure-reduc- 
ing valve.  Periodic  measurement  of  gas  consumption  may 
be  a  desirable  (and  prudent)  part  of  the  operational  verifi- 
cation procedure. 

Trigger  sensitivity  is  within  1 .0  cm  H^O  of  the  set  value, 
which  is  similar  to  the  Uni-Vent^  and  superior  to  the  MAX.** 
As  PEEP  was  increased,  trigger  sensitiv  ity  decreased  by  only 
0.32  for  V 1  and  0.63  cm  HoO  for  V2,  demonstrating  that  the 
PEEP  compensation  mechanism  functioned  appropriately. 
The  negative-pressure  deflection  at  the  onset  of  the  inspiratory 
effort  is  due  to  the  .sensitivity  of  the  trigger  mechanism.  This 
deflection  lasts  0.1  to  0.2  second  and  is  followed  immedi- 
ately by  gas  delivery  at  or  above  the  set  trigger-sensitivity 
level.  The  variation  in  the  pressure  at  baseline  during  inspi- 
ration as  PEEP  increases  is  caused  by  the  response  of  the 
demand  valve  to  lung-model  'inspiratory  effort'  throughout 
the  breath.  Changes  in  airway  pressure  during  this  phase  are 
negligible.  This  pert'ormance  is  consistent  w  ith  the  Uni-Vent 
and  better  than  that  of  the  MAX  because  the  MAX  offers  no 
PEEP  compensation. 

Expiratory  pressure  above  baseline  with  PEEP  vmed  from 
1 1 .0  to  1 3.0  cm  H2O  [  1 . 1  to  1 .3  kPa]  above  baseline.  These 
data  may  be  clinically  significant,  as  the  expiratory  work  of 
breathing  may  increase  because  the  patient  must  exert  this 
opening  pressure  in  order  to  exhale.  Ideally,  the  expiratory 
pressure  would  be  at  baseline.  This  expiratory  pressure  is  a 
function  of  the  Ambu  PEEP  valve,  rather  than  the  Avian  ven- 
tilator. In  the  Ambu  PEEP  valve,  the  patient  must  overcome 
the  resistance  of  the  spring  that  seals  the  expiratory  orifice. 
Other  PEEP  valves  may  have  a  lower  expiratory  pressure. '- 
This  resistance  causes  a  prolonged  (0.8-1 .2  s)  active  portion 
of  expiration,  which  if  the  patient's  ventilatory  rate  increased 
could  lead  to  auto-PEEP.  Campbell  notes  in  his  review  of 
the  Uni-Vent  that  the  manual  PEEP  reference  is  useful  for 
tachypneic  patients  or  for  high-vibration  environments  such 
as  a  helicopter.^ 

1  did  not  measure  the  ventilator's  ability  to  ventilate  the 
test  lung  with  increasing  respiratory  impedance  or  at  extremes 
of  Vt  and  rate.  Use  of  the  ventilator  w  ith  >  1 5  cm  H2O  of  PEEP 
was  not  evaluated  because  15  cm  H^O  is  tlie  limit  of  the  PEEP 
\  alve  pro\  ided.  I  did  not  compare  blood  gas  values  in  human 
subjects  ventilated  by  ICU  ventilators  and  by  the  Avian. 

The  ventilator  was  recalled  by  the  manufacturer  in  1996 
after  carbon  deposits  were  found  adjacent  to  the  capacitor  that 
energizes  the  alarm  system.  Apparently  some  arcing  had 
occurred  due  to  an  oxygen  leak  w  ithin  the  ventilator  hous- 
ing. All  ventilators  were  inspected  and  modified  as  necessary, 
with  most  ventilators  now  returned  to  clinical  service.* 


Don  Loewel.  .'Vvian  Product  Manager.  Bird  Products  Corporation,  fac- 
simile describing  recall  and  remedy.  March  29.  1996:  Personal 
(oniniunicalion. 
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Conclusions 

The  Bird  Avian  transport  ventilator  conforms  to  the  stan- 
dards set  in  the  literature  for  operational,  monitoring,  and  alarm 
features  of  transport  ventilators.  The  only  alarm  that  is  not 
present  but  desirable,  is  that  for  loss  of  source  gas.  Gas  con- 
sumption exceeds  manufacturer's  specifications  and  varies 
from  unit  to  unit.  Further  study  could  be  conducted  to  deter- 
mine ease  of  clinical  use,  ability  to  maintain  blood  gas  val- 
ues, and  the  need  for  additional  monitors  and  alarms. 


PRODUCT  SOURCES 

Calibration  Syringe: 

PNl  13091-5540,  LO  L,  reverse  markings  and  low  dead  space,  Hans 
Rudolph  Inc.  Kansas  City  MO 

PEEP  Valve: 

Ambu  Inc,  Linthicum  MD 

Test  Lung: 

Dual  Adult  TTL.  Michigan  Instruments  Inc,  Grand  Rapids  MI 

Ventilators: 

Bear-1,  Allied  Health  Care  Products,  Riverside  CA 
Avian,  Bird  Products  Corp,  Palm  Springs  CA 

Data  Acquisition  Software: 

PneuView  V2.2,  1996:  Michigan  Instruments,  Grand  Rapids  MI 

Statistical  Software: 

Excel  V5.0.  1993;  Microsoft  Inc,  Redmond  WA 
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Bench  Evaluation  of  the  ServO^  Oxygen-Control  System 

Frank  Dennison  MEd  RRT  RPFT,  D  Spencer  Brudno  MD,  David  Lain  PliDJD  RRT, 

and  \ladiniir  Kieniencliiigsky  Phi)  ME 


INTRODUCTION:  We  evaluated  the  ability  of  a  servo  oxygen-control  sys- 
tem (SS)  to  maintain  oxygen  concentration,  or  [Oi],  and  carbon  dioxide  con- 
centration, or  ICO2I.  in  an  incubator  within  a  narrow  range  wh'tW  the  percentage 
of'Oi  and  CO^and  flow  of  gas  mixtures  supplied  to  the  incubator  were  var- 
ied. MATERIALS  &  METHODS:  To  simulate  high  inspirat(»ry  flow  and  (>: 
demands,  we  suctioned  gas  from  the  incubator  through  a  catheter  ccmtinu- 
ously  at  5  L/niin.  During  suctioning,  a  respiratory  mass  spectrometer  (MS) 
was  used  to  sample  IO2I  at  48  equally  spaced  points  at  3  heights  within  the  incu- 
bator with  the  SS  O^  control  set,  in  turn,  at  24, 35, 55,  and  75%.  To  lest  CO:'7f 
at  these  oxygen  concentrations,  a  dry  mixture  of  4.84%  COi  and  95.16%  O2 
wasinsutTlated  into  the  incubator  at  1.(1  E/min  with  the  suction  pump  off  while 
C02%  was  sampled  by  MS  at  each  sampling  point.  Suction,  insulllation.  and 
SS  flows  were  measured  by  a  pneumotachometer.  RESULTS:  With  the  incu- 
bator portholes  closed,  the  02%  in  the  incubator  did  not  difl'er  from  SS  set 
values  more  than  1.1  %  (ie.  difference  in  actual  readings)  at  any  sampling  point. 
Similar  results  were  obtained  during  the  patient-care  simulation  w hen  the  rear 
port  iris  diaphragms  were  used.  Drops  in  IO2I  and  restoration  times  for  |()2| 
were  unacceptable  when  front  ports  (without  diaphragms)  were  used.  No  increase 
in  C02%  above  atmospheric  baseline  (0.(13%  )  was  observed  during  the  insuf- 
flation of  4.84%  C()2  into  the  incubator.  CONCLUSIONS:  Because  our  sim- 
ulations were  designed  to  mimic  extreme  clinical  conditions,  we  believe  that 
SS  adequately  controlled  gas  concentrations.  [RespirCare  l9%;4l(8):724-727] 


Introduction 

Although  iiKiib;ilors  can  pm\  ide  safe,  luiniid.  and  neutral 
themial  cnv  inminoiUs  lor  neonates,  piev  ions  studies  have  estab- 


Mr  Dennison  is  Assistant  Professor,  Medical  College  of  Georgia,  School 
of  Allied  Health  Sciences,  and  Dr  Brudno  is  Associate  Professor,  Medical 
College  of  Georgia — Augusta,  Georgia.  Dr  Lain  is  Clinical  Manager, 
Healihdyne  Technologies,  Marietta,  Georgia;  and  Dr  Kreinenchugsky  is 
Prnicipal  Mechanical  Engineer,  Ohmeda  Inc,  Columbia,  Maryland. 

,\n  ahsnaci  of  ihis  paper  uas  prcsenled  al  the  ()l'i:N  I'OKL'M  during  ihc 
-list  Annual  Convention  and  Hxhihilion  of  the  American  Association  for 
Respiratory  Care,  in  Orlando.  Florida,  Dccemher  .Vfi.  |99.'S. 

This  study  was  supported  li\  Ohnicda  Inc.  M.idison.  Wisconsin. 

Con'espondence:  Frank  Dennison  MEd  RRT  RPFT.  Respiratory  Therapy 
Department,  MCG  HM- 143,  Augusta  GA  iW  1 :, 


lished  that  incubators  do  not  rehably  maintain  specific  oxygen 
coneenttations  |0:|.'^  For  this  reason,  an  oxygen  hood  is  often 
used  within  an  incubator  to  maintain  a  stable  IO2].  However, 
wheti  an  oxygen  hixxi  w  ilhiii  tlie  confines  of  ;ui  incubator  is  used 
with  a  nebulizer,  increased  sound  le\els  po.se  a  risk  for  hearing 
loss.^'*  Supplying  oxygen  to  hoods  or  incubators  can  also  result 
in  an  oxygen-layering  effect,  with  the  highest  [O;!  found  at  the 
bottom  of  the  apparatus,'  -  Increased  carbtiii  dioxide  concen- 
trations [CO2]  have  iilso  been  reported  when  gas  flow  to  the  hood 
or  incubator  is  inadequate.^  We  tested  a  serxo  oxygen-control 
system*  (Ser\  O2.  SS )  de\  eloped  to  alle\  iale  tlie  problem  of  unsta- 
ble [O2I  when  supplemental  O2  is  supplied  to  incubators.  We 
also  sought  to  detemiinc  w  hcther  the  |CO:  |  within  the  incubator 
remains  at  atmospheric  le\  el  while  the  SS  is  in  use. 


*Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 
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Materials  &  Methods 

To  evaluate  the  SS.  we  constructed  a  metal  grid  that  pro- 
vided a  framework  for  sampling  the  gas  mixture  within  the 
incubator  at  48  equally  spaced  points  at  each  of  3  heights  across 
lui  iuea 40  x  (i)  cm  (48  total  sampling  points.  Fig.  I ).  The  heights 
were  chosen  to  simulate  the  position  of  a  patient's  airway  adja- 
cent to  the  mattress  as  in  tlie  prone  position  (0  level),  at  a  medium 
height  for  a  patient  in  the  supine  position  ( 10-cm  level),  and 
at  the  top  of  the  incubator  (25-cm  level)  to  test  for  any  layering 
effect  on  O2  within  the  incubator.  To  test  maintenance  of  |0:| 
during  simulated  high  inspiratory  flow  and  oxygen  demand, 
we  used  a  suction  pump  to  apply  continuous  suction  at  5  L/min 
through  a  catheter  placed  at  the  head  of  the  mattress  within 
the  incubator.  The  fust  test  was  conducted  with  all  portholes 
closed  ;uid  continuous  suction  applied.  A  respiratory  mass  spec- 
trometer MS.  which  reports  concentration  as  0:%  with  a 
reported  accuracy  of  ±1%,  volume/volume  ( v/v ).  was  used  to 
sample  gas  within  the  incubator  through  a  gas  capillary  tube 
3  m  in  length.  The  sampling  tip  of  the  capillary  was  attached 
to  the  end  of  a  metal  rod  that  allowed  the  tip  to  be  inseiled 
through  a  small  opening  in  the  rear  porthole's  iris  diaphragm 
and  to  be  moved  along  the  metal  grid  to  each  of  the  48  sam- 
pling points.  This  permitted  us  to  test  the  environment  with 
all  portholes  effectively  closed.  The  sampling  tip  was  placed 
for  3  to  5  seconds  at  each  of  the  48  sampling  points  with  the 
SS  02%  control  set.  in  turn,  at  24.  35.  55,  and  75%.  This  test- 
ing procedure  was  repeated  3  times  at  each  02%  setting  (48 
X  3  X  4  =  576  samples.).  An  oxygen  analyzer  (accuracy  ±2% 
v/v)  was  also  used  to  record  incubator  02%  at  mattress  level 
throughout  the  study.  We  conducted  another  test  for  [O2]  main- 
tenance using  the  same  procedure,  sampling  ©2%  once  while 
personnel  placed  their  arms  through  2  front  portholes  of  the 
incubator  and  again  while  they  placed  their  arms  through  the 
iris  diaphragms  of  the  2  rear  portholes  (48  x  2  x  4  =  348  sam- 
ples). These  procedures  were  conducted  to  determine  the  SS's 
capacity  to  maintain  the  set  ©2%  levels  during  simulated  con- 
ditions of  infant  nursing  care. 

To  test  for  CO2  clearance,  a  di7  mixture  of  4.84%  CO2  and 
95. 16%  O2  was  insufflated  into  the  incubator  at  1 .0  L/min  to 
simulate  expired  CO2.  The  C02%  was  measured  by  MS  at  the 
48  sampling  points  during  the  insufflation  procedure  while  02% 
was  maintained,  in  turn,  at  24.  35.  55.  and  75%.  Gas  was  not 
suctioned  from  tlie  incubator  during  the  test  for  CO2  clearance 
so  that  CO2  could  only  be  cleared  froin  the  environment  by 
the  flow  of  gas  supplied  to  the  incubator  from  the  SS.  As  an 
additional  test  to  detemiine  the  SS's  capacity  to  clear  CO2  from 
the  incubator's  environment,  a  mixture  of  4.84%  CO2  and 
95. 1 6%  O2  was  insufflated  into  the  incubator  with  the  SS  tem- 
poraiily  turned  off  so  that  PecO:  levels  (tension  of  CO2  in  expired 
gas)  in  the  incubator  could  rise  and  stabilize.  Then  with  the 
SS  turned  back  on  and  set  at  21  %.  CO2  clearance  was  mea- 
sured by  the  MS  at  5-minute  intervals  for  40  minutes  at  0  level. 
The  C02%  was  then  measured  at  each  of  the  48  sampling  sites. 
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Figure  1.  Schema  of  experimental  setup  used  to  evaluate  simula- 
tions of  clinical  care  of  an  infant  in  an  Ohio  Care  Plus  Incubator 
supplied  by  a  Serv02  Oxygen  Control  System,  (A)  Oxygen  monitor 
placed  on  incubator  measured  oxygen  concentration  via  a  sensor 
placed  at  head  of  mattress,  (B)  ServOo  system  unit  on  incubator 
that  supplied  various  02%  and  flows  through  tubing  to  input  at  C  to 
maintain  the  set  02%  within  the  incubator,  (D)  Pneumotachograph 
(so-called  calibration  analyzer)  connected  in  line  by  tubing  from  the 
ServOs  to  the  incubator,  (E)  Respiratory  mass  spectrometer  mea- 
sured 02%  and  C02%  within  the  incubator  via  capillary  tubing.  A 
metal  grid  constructed  in  the  incubator  was  used  as  a  guide  to 
move  the  capillary  tubing  to  48  equally  spaced  sampling  sites  at  3 
heights,  (F)  Calibration  analyzer  connected  into  supply  lines  mea- 
sured flow  of  4,84°b  CO2  (balance  O2)  when  it  was  being  insuf- 
flated into  the  incubator  from  the  H-cylinder  at  G,  and  also  the  flow 
of  gas  when  it  was  being  suctioned  from  the  incubator  by  a  suction 
pump  at  H. 


During  the  ©2% -maintenance  and  C02-clearance  testing 
procedures,  suction,  insufflation  and  SS  flows  were  measured 
by  a  pneumotachometer  (so-called  calibration  analyzer)  with 
a  reported  accuracy  of  ±1%.  All  equipment  had  recent  cer- 
tified calibrations  performed  according  to  the  manufacturer's 
guidelines.  We  calculated  mean  values  and  standard  devia- 
tions for  the  02%s  measured  via  MS  compared  to  the  set  02% 
at  the  3  heights  (Table  1 ).  We  anticipated  that  for  this  eval- 
uation descriptive  statistics  would  allow  detemiination  of  the 
clinical  importance  of  any  differences  observed. 

Table  1 .      Measured  Values  of  Ofic  at  Various  Levels  of  Set  Of/c  at 
Three  Heights  within  a  Closed  Incubator 


Height  (above      Set  Oi<:/t 
mattress)  =24 


Set  0:% 
=  35 


Set  0:% 


Set  O:? 

=  7,5 


(1  L-m 
10  cm 
25  cm 


2.3,2(0.1)* 
23.2  (0.0) 
23.2  (0.0) 


34.3(0.1) 
34,5(0.0) 
34.3  (0.0) 


53,"^  (0,0) 
53,9(0,1) 
54,0(0.0) 


74.0(0,1) 
74,0(0,1) 
74,0(0,1) 


■  Values  are  mean  (SD);  n  =  48  for  each  0:<7r  at  each  height. 


Results 

Mean  (SD)  values  of  the  02%  measured  in  the  incubator  at 
each  eif  3  heights  (n  =  48)  compared  to  set  0-flc  are  presented 
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in  Table  1 .  Differences  in  MS-measiired  Oi^  compared  to  the 
set  02%  levels  were  never  greater  than  1 . 1 7f  (eg.  53.9  O^'/r  ver- 
sus the  set  55  02% )  for  any  of  the  measurements  during  oper- 
ation of  the  incubator  with  diK)rs  ;ind  portholes  closed.  The  oxy- 
gen monitor  recorded  incubator  Oi'/i  in  agreement  with  the  SS 
set  02%  throughout  the  study  with  the  portholes  closed. 

For  a  set  Oi'^c  of  24  and  measured  O2' !  of  2.1.2  with  per- 
sonnel placing  arms  through  front  portholes,  the  measured 
02%  dropped  to  22.5%  within  60  seconds  and  returned  to  the 
measured  baseline  (2.1.2  ©2% )  at  all  levels  within  5  minutes. 
At  a  set  02%  of  35  and  measured  02%  of  34.5.  the  02% 
dropped  to  30%  within  60  seconds,  then  rose,  and  fluctuated 
from  33-.14%  at  all  4<S  sampling  points,  within  S  minutes.  The 
measurements  v\'ere  temiinated  after  10  minutes  witli  conditions 
unchanged.  With  a  set  02%  of  55  and  measured  62%  of  53.9. 
the  O2'*  dropped  w  ithin  60  seconds  and  fluctuated  at  each 
sampling  point  from  39-46'i  without  further  ele\ation  for  10 
minutes,  at  which  point  we  stopped  measurements.  At  the  set 
©2%  of  75,  results  were  similar  with  tluctiiations  in  ©2%  from 
41-49%.  When  personnel  placed  their  arms  through  the  iris 
diaphragms  of  the  rear  portholes  to  simulate  provision  of  patient 
care,  there  was  no  change  in  the  measured  ©2%  at  any  sam- 
pling point  compared  to  measurements  with  the  portholes 
clo.sed.  The  elastic  bands  in  the  plastic  iris  diaphragms  main- 
tained a  tight  seal  around  the  amis  of  personnel  extending  their 
arms  into  the  incubator,  and  the  set  ©2%  at  the  levels  tested 
were  maintained. 

Dining  the  test  for  CO2  clearance,  there  was  no  increase 
in  C()2'  i  abo\e  atmospheric  baseline  (0.03% )  at  any  sampling 
point  during  insufflation  of  1 .0  L/min  of  4.84%  CO2  into  the 
incubator.  Results  are  presented  graphically  in  Figure  2  for 
the  lest  of  CO2  clearance  after  the  C02%  of  the  gas  mi.xture 
in  the  incubator  had  stabilized  at  approximately  4.0%.  The 
highest  C02%  recorded  at  any  sampling  point  was  4.12%.  At 
the  0  level  the  MS  capillary,  placed  in  the  center  of  the  mat- 
tress, recorded  4.07%  CO2  at  the  start  of  the  test  and  descended 
in  a  curvilinear  fashion  to  0.10%  or  less  within  40  minutes 
(Fig.  2).  C02%  was  <  0.  lO'f  at  the  48  sampling  points  at  the 
end  of  the  40-minute  period. 

Suction  flovs  was  measured  at  5  L/min  and  insufflation  flow 
at  1  L/min  b\  the  pneumotachograph  and  were  maintained 
throughout  the  testing  except  during  the  CO2  clearance  test. 
The  measured  SS  flow  s  thai  maintained  the  set  ©2%  within 
the  incubator  fluctuated  from  12.3  to  15.7  L/min  during  test- 
ing, with  the  portholes  closed  and  from  12.3  to  19.5  L/min 
during  testing,  w  ith  2  portholes  open. 

Discussion 

Our  data  demonstrate  thai  the  SS  is  an  elfecti\e  system  in 
maintaining  set  02%  and  clearing  CO2  from  an  incubator  dur- 
ing simulations  of  clinical  use.  However,  it  is  important  to 
point  out  that  our  results  cannot  be  extrapolated  to  apply  to 
other  incubator  models. 


5.0-1 


o 
o 


Time  (mm) 

Fig.  2.  Rate  of  CO2  clearance  from  the  Incubator,  following  stabi- 
lization at  approximately  4.0°o  CO2.  C02°o  was  lowered  to  0.1  °o  or 
less  by  Serv02  system  witfiin  40  minutes  (a  decrease  in  concen- 
tration of  1%  in  9  minutes). 


It  has  been  ihe  experience  of  other  investigators  that  02% 
and  C02'^^(  in  incubators  and  hoods  may  be  unstable."  Flows 
of  blended  gas  delivered  at  12-15  L/min  to  hoods  ha\e  been 
recommended  for  stable  [O2]  and  flows  greater  than  7  L/min 
to  ensure  clearance  of  002.'  These  problems  are  apparently 
eliminated  with  the  SS,  according  to  our  data.  The  SS  auto- 
matically varies  the  [O2I  and  flow  to  maintain  a  set  02%  and 
to  clear  CO:.  Although  we  did  not  measure  variations  in  deliv- 
ered 02%  during  operation  of  the  SS.  we  did  measure  the  deliv- 
ered flow  from  the  SS  to  the  incubator.  The  SS  delivered 
blended  gas  to  the  incubator  within  the  range  of  approximately 
1 2-20  L/min  throughout  the  testing  procedures,  and  regard- 
less of  how  the  delivered  02%  level  varied,  the  SS  maintained 
the  0:%  and  cleared  the  CO2.  Thus,  the  SS  may  often  ob\  i- 
ate  the  need  for  oxygen  hoods,  humidifiers,  and  nebulizers 
in  incubators,  resulting  in  a  possible  reduction  in  costs  forres- 
|iiialory  care.  To  our  know  ledge,  no  precedent  has  been  estab- 
lished in  the  research  literature  for  quantitating  clearance  of 
CO2  from  incubators.  This  procedure  does,  however,  provide 
a  method  for  empirical  e\  aluation  of  CO:  clearance  so  that 
compiuisons  among  incubators  am  be  made  in  future  research 
(Fig.  1). 

Although  there  are  small  openings  in  the  Ohio  Care  Plus 
Incubator  for  mserting  monitoring  lines  and  \arious  types 
of  tubing,  the  [O2I  remained  stable  throughout  the  incubator 
under  high  O:  demands.  Normal  O:  consumption  and  CO2 
production  for  a  large  infant  can  be  estimated  to  be  33 
mL/min'"*  (assume  a  12-pound  infant  with  respiratory 
exchange  ratio  of  1.0.  for  calculations).  Normal  inspiratory 
flow  demand  ft)r  an  infant  is  approximatel)  2-3  L/min  for 
0.5  s/breath.  To  evaluate  the  SS  to  ensure  that  these  demands 
could  be  met,  our  simulation  evacuated  (consumed)  O2  at 
a  rate  of  1.2  to  3.75  L/min  from  the  incubator's  environ- 
ment because  inspiratory  flow  demand  (suction)  was  con- 
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tinuous  at  5  L/min  at  the  set  Oz'^c  levels  tested.  For  exam- 
ple, at  a  set  0:%  of  24  with  5  L/min  suction,  1 .2  L/min  O2 
(0.24  X  5  L/min  =  1 .2  L/min)  is  evacuated  from  the  incu- 
bator's environment. 

We  considered  statistical  analysis  of  any  comparisons 
among  sampled  data  to  be  unnecessary  in  this  study.  The  accu- 
racy of  the  data  sampling  equipment  w  as  ±  I  '^  and  there  was 
little  variability  in  the  measurements  (Table  I )  from  one  sam- 
pling site  to  another  at  the  different  02%  (except  at  the  high 
029c  with  portholes  open ).  For  example,  during  the  sampling 
at  the  48  sample  sites  with  portholes  closed,  the  02%  indi- 
cated by  the  MS  would  sometimes  fluctuate  ±0.1%  during 
a  sampling  interval  of  3-5  seconds  for  the  SS  set  62%  being 
tested.  We  believe  that  such  fluctuations  in  02'7f  are  clinically 
meaningless.  Because  of  the  sample  size  and  consistency  of 
measured  values,  the  differences  at  a  given  level  could  not 
be  statistically  significant. 

The  4.84%  CO2  insufflated  into  the  incubator  corre- 
sponded to  an  environmental  Peco;  of  approximately  28.5 
torr  at  sea  level  [(760  toiT  -  47  torr  H2O)  (0.04  Fco;)  =  28.5 
torr],  which  is  a  normal  peak  PEco:/breath  for  a  patient.*  The 
4,84%  CO2  was  insufflated  into  the  incubator  at  1 .0  L/min, 
which  is  48.4  mL/min  expired  CO2.  or  more  than  2  times 
the  volume  of  CO2  that  would  be  expired  by  an  8-pound 
infant.'  Thus,  the  simulated  demands  placed  on  the  SS  for 
02%  maintenance  and  CO2  clearance  were  probably  worst- 
case  scenarios  and  could  be  considered  at  least  represen- 
tative of  clinical  conditions. 

During  simulated  patient  care  through  the  front  portholes, 
MS-measured  02%  levels  were  reduced.  For  example,  the  MS- 
measured  baseline  environmental  02%  level  of  23.2%  dropped 
to  22.5%  (a  drop  equal  to  3%  of  the  initial  value)  during  patient 
care  simulation — a  drop  that  lasted  <  1  minute  before  return- 
ing to  the  baseline  value  during  the  next  5  minutes.  At  the  set 
02%  of  35, 02%  dropped  from  the  MS-measured  baseline  of 
34.3%  to  30%  (a  drop  equal  to  13%  of  the  initial  value),  and 
then  returned  to  approximately  3%  to  4%  of  baseline  values 
at  the  48  sampling  points  over  8  minutes.  However,  if  an  infant 
was  sensitive  to  fluctuations  in  [O2]  at  these  levels,  the  prob- 
lem could  easily  be  avoided  by  perfomiing  patient  care  pro- 
cedures through  the  iris  diaphragms  provided  for  the  rear  port- 
holes. This  safeguard  should  always  be  practiced  at  the  higher 
IO2]  of  55-75. 

Although  there  is  no  standard  with  which  to  compare  the 
C02%  clearance  time  that  we  recorded,  the  SS's  capacity  to 
clear  CO2  from  4.07%  to  0.10%  or  less  in  40  minutes  does 
serve  to  demonstrate  that  high  levels  of  CO2  can  be  flushed 
from  an  incubator  by  the  SS. 


Conclusion 

According  to  our  data,  SS  maintains  02%  and  eliminates 
CO2  in  incubators.  With  portholes  closed,  deviation  from  set 
02%  is  <  1  percentage  point,  and  expired  (CO2I  did  not  rise 
above  baseline  under  simulated  worse-case  scenarios.  The  use 
of  SS  may  eliminate  the  need  for  oxygen  hoods  and  nebulizers 
in  this  model  t)f  incubator,  thereby  decreasing  the  risk  of  hear- 
ing loss  and  reducing  medical  costs. 

PRODUCT  SOURCES 

Oxygen  Analyzer: 

Ohmeda  5 120  Oxygen  Monitor.  Ohmeda  Inc.  Madison  WI 

Mass  Spectrometer: 

Perkin-Elmer  MGA  1 100.  Perkin-Elmer,  Paloma  CA 

Servo  Oxygen  System: 

ServO:  Oxygen  Control  System,  Ohmeda  Inc.  Madison  Wl 

Calibration  Analyzer: 

Timeter  RT-2(X)  Calibration  Analyzer.  Allied  Health  Products.  St  Louis 
MO 

Suction  Pump: 

Egnell  Suction  Pump,  Ameda/Egnell  Corporation,  Cary  IL 

Incubator: 

Ohio  Care  Plus  Incubator,  Ohmeda  Inc.  Madison  WI 
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The  Effect  of  Airway  Leak  on  Tidal  Volume  during  Pressure-  or  Flow- 
Controlled  Ventilation  of  the  Neonate:  A  Model  Study 

Robert  L  Chatburn  RRT,  Teresa  A  Volsko  RRT.  and  Mohamad  El-Khatib  PhD 


Leaks  associated  with  uncufTed  endotracheal  tubes  (ETTs)  complicate  mechan- 
ical ventilation  of  the  neonate.  The  variable  nature  of  leaks  and  the  possibility 
of  different  modes  of  \entiIation  suggest  an  optimal  strategy  for  stability  of  tidal 
volume  (V  I ).  This  stud>  evaluated  the  eftect  of  leak  on  V]  during  pressure-con- 
trolled ventilation  ( PC  V)  or  flow-controlled  ventilation  (FCV).  METHOD:  We 
used  a  lung  model  consisting  of  an  elastic  bellows  (compliance  =  1  niL/cm  H^O) 
attached  to  a  3.0-mm  ETT  with  a  3-v\ay  stopcock.  One  port  of  the  stopcwk  was 
attached  to  a  fixed-orifice  leak  ( %  leak  =  19-34%  depending  on  ventilator  set- 
tings). A  ventilator  generated  either  constant  inspiratory  pressure  (as  in  PCV ) 
or  constant  inspiratory  fiow  (as  in  FC\  )  at  the  same  V].  Inspired  and  expired 
volumes  were  measured  with  a  neonatal  monitor.  Calibration  was  verified  with 
a  syringe.  The  effect  of  leak  on  exhaled  tidal  volume  (V'k)  was  defined  as: 


%AVe  = 


Ve  (leak  off)  -  Vk  (leak  on) 
Ve  (leak  off) 


X  100 


Large  (  =  15  mL)  and  small  (=7  niL)  Vps  were  used  with  long  (0.8  s)  and  short 
(0.3  s)  inspiratory  times  (TiS).  Each  combination  was  evaluated  3  times  (n  =  3). 
Differences  in  %  AV  e  were  evaluated  with  unpaired  /  tests.  A  theoretical  model 
was  derived  to  generalize  results.  RESl  LTS:  PCV  resulted  in  a  significantly 
smaller  leak  effect  for  all  conditions  except  small  V  j  and  short  T|.  The  largest 
difference  was  seen  with  small  V  is  and  long  Tjs  (leak  effect  for  FCV  =  44% 
vs  PCV  =  18% ).  The  theoretical  model  predicts  that  for  FCV,  % A\  e  increases 
as  Ti  increases.  For  PCV,  %AVe  at  first  increases  as  T|  increases  and  then 
decreases  to  a  constant  value.  For  both  FC\'  and  PCV,  gas  exchange  will  prob- 
ably be  most  stable  with  short  Tis  in  the  presence  of  a  leak.  CONCLUSION: 
An  optimum  strategy  for  dealing  with  intermittent  airway  leaks  might  be  short 
T|S  and  relatively  large  Vps  independent  of  mode.  At  small  Vps  and  long  Tis, 
ventilation  should  be  more  stable  with  PCV .  |  Rcspir  Care  1 996;4 1  (8);728-7351 
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Introduction 

Uncuffed  endt)traclieal  lubes  (ETTs)  ccmiplicate  assisted 
ventilation  due  to  variable  leaks  around  the  artificial  airway. 
Leak  problems  are  common  in  infants  and  children  who  are 
ventilated  with  small  tidal  vokimes  ( Vis).  This  fact  has  led 
some  manufacturers  to  design  "leak  compensation"  devices 
in  their  ventilators  (eg.  Bird  VIP).  Because  leaks  are  often 
intermittent  (eg.  due  to  changes  in  head  or  body  position),  they 
can  cause  alterations  in  delivered  minute  ventilation  leading 
to  instability  of  gas  exchange.  This  becomes  a  problem  par- 
ticularly when  the  leak  cannot  be  minimized  through  repo- 
sitioning or  reintubation  v\  ith  a  larger  ETT. 
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Recent  technologJL-  ad\  ances  ha\  e  made  it  possible  to  ven- 
tilate small  children  w  itli  eitl:er  volume/flow -contiolled  or  pres- 
sure-controlled modes.  In  a  chapter  about  pressure-controlled 
ventilation  (PCV).  some  well  respected  authors  point  out  a 
disad\antage  of  the  volume-controlled  mode  by  saying  that 
"Volume-cycled  ventilators  may  ...  be  considered  unsatis- 
factory because  an  unknown  amoinit  of  the  preset  \olume  v\ill 
leak  from  the  airway  when  uncuffcd  endotracheal  tubes  are 
used.'"'  There  is  no  mention  of  how  leaks  affect  Vj  during 
PCV.  This  could  imply  that  PCV  is  somehow  better  when  a 
leak  is  present.  Lhifortunately,  unsupported  statements  of  opin- 
ion and  their  implied  meanings  are  often  echoed  by  other 
authors,  and  thus  is  born  a  new  dogma  unsupported  by  fact. 
For  example.  Whitaker  says  that  during  volume-controlled 
ventilation.  "An  unknown  amount  of  tidal  volume  is  lost  around 
the  tube  during  inspiration."  with  no  references.-  In  a  later  sec- 
tion on  the  disadvantages  of  PCV.  Whitaker  does  not  men- 
tion the  effect  of  leak,  which  could  again  lead  the  reader  to 
conclude  that  it  is  not  a  factor  in  Vj  delivery.  However,  both 
theory  and  data  suggest  that  Vj  decreases  with  a  leak  in  both 
modes,-'  although,  to  our  knowledge,  no  study  has  directly  com- 
pared these  two  modes  under  conditions  of  intermittent  leak. 

The  purpose  of  our  study  was  to  compare  the  effect  of  a 
fixed  leak  on  Vj  delivery  during  PCV  and  flow-controlled 
ventilation  (FCV).  We  postulated  that  an  optimal  ventilator 
management  strategy  can  be  de\  eloped  to  deal  w  ith  leaks  and 
maintain  the  stability  of  volume  delivery  with  uncuffed  ETTs. 
Our  null  hypothesis  was  that  the  effect  of  a  fixed  leak  on  Vj. 
defined  as  the  percent  change  in  exhaled  \'olume  between  leak 
and  no-leak  conditions,  would  be  the  same  for  PCV  as  FCV. 

Methods 

We  used  a  lung  model  consisting  of  an  elastic  bellows  (com- 
pliance =  1  niL/cm  H2O)  attached  to  a  3.0-mm  ID  ETT  with 
a  3-way  stopcock.  One  port  of  the  stopcock  was  attached  to 
a  fixed-orifice  leak.  We  chose  a  lung  model  rather  than  a  patient 
so  we  could  control  the  main  experimental  variable:  presence 
and  size  of  leak.  The  size  of  the  leak  was  measured  with  a 
BICORE  CP  100  Neonatal  Monitor*  while  the  model  was  ven- 
tilated. Leak  size  was  defined  as  the  difference  between  the 
measured  inspired  and  expired  Vj  expressed  as  a  percentage 
of  inspired  Vj.  The  percent  leak  measured  and  recorded  for 
each  experimental  condition  varied  from  19  to  34%.  depend- 
ing on  mode  and  ventilator  settings  (ie.  for  a  fixed-orifice  size, 
the  smaller  the  Vj  and  the  longer  the  inspiratory  Ume  (Ti), 
the  larger  the  leak).  This  range  of  leak  is  often  seen  in  ven- 
tilated neonates  with  ETTs  sized  2.5-3.5  mm-ID.-* 

The  placement  of  the  flow  sensor  in  this  model  reflects  the 
effect  of  gas  flow  through  the  leak  during  the  entire  ventilatory 


♦Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 


cycle.  With  one  sensor,  it  is  not  possible  to  separate  the  true 
exhaled  volume  from  the  volume  lost  through  the  leak.  The 
exhaled  volume  will  be  underestimated  because  of  flow  through 
the  leak  during  the  expiratory  phase.  However,  we  chose  this 
methtxlology  for  4  reasons:  ( 1 )  it  is  easier  to  conduct  ;and  repro- 
duce with  a  typical  bedside  pulmonary  function  monitor  rather 
than  laboratory  flow  sensors,  amplifiers,  and  recorders;  (2) 
we  avoid  errors  introduced  by  differences  in  sensor  bias  or 
by  changing  the  position  of  a  single  sensor  (ie.  between  the 
patient  Y  and  the  ET  tube  versus  between  the  leak  and  the  test 
lung)  due  to  flow  turbulence  caused  by  large  diameter  adapters 
placed  in  a  small  diameter  airway:  (3)  the  characterization  of 
the  leak  size  (ie,  %  leak)  and  other  measurements  are  clini- 
cally relevant  as  clinicians  are  limited  to  only  one  sensor  placed 
between  the  patient  Y  and  the  ETT:  and  (4)  the  error  intro- 
duced in  the  measurement  of  Ve  should  be  constant  between 
PCV  and  FCV  because  expiration  was  passive  from  the  same 
Vjs  and  expiratory  times,  such  that  any  difl'erences  in  Ve  should 
be  due  only  to  the  experiinental  variables. 

The  model  was  ventilated  with  a  Newport  Wave  ventilator. 
This  ventilator  can  deliver  breaths  in  either  the  pressure-  or 
flow-controlled  modes.  A  dual  heated-wire  infant  circuit  con- 
nected the  lung  model  to  the  ventilator.  The  water  level  of  the 
humidifier  was  kept  at  "max  fill  level"  to  eliminate  variations 
in  Vx  delivery  due  to  compressible  volume  loss.  The  heater 
was  turned  off. 

Data  were  recorded  3  times  for  each  of  16  experimental 
conditions  (ie,  all  combinations  of:  large  and  small  Vjs.  short 
and  long  Tis,  pressure  control  or  flow  control,  leak  on  or  leak 
off).  Both  pressure-  and  flow-controlled  modes  were  set  to 
deliver  inspired  volumes  of  7  and  15  mL  while  the  leak  was 
turned  off.  These  volumes  represent  a  typical  \j  range  for 
infants  of  about  1.500  grams.  Positive  end-expiratory  pres- 
sure (PEEP)  was  set  at  0  to  prevent  drift  in  the  volume  sig- 
nal as  gas  escaped  through  the  leak.  Inspiratory  flow  was 
manipulated  in  an  attempt  to  produce  a  rectangular  pressure 
waveform  during  PCV  and  a  rectangular  flow  wavefomi  with 
FCV.  This  was  done  to  more  readily  distinguish  any  differ- 
ences between  these  two  control  modes.  However,  rectangular 
waveforms  were  not  completely  developed  with  small  Vx  and 
short  Ti  settings  (Fig.  I).  Once  baseline  measurements  had 
been  made,  the  leak  was  turned  on  and  measurements  repeated. 
Inspired  and  expired  volume.  Tj,  %  tube  leak,  and  pres- 
sure/volume/flow waveforms  were  recorded  for  each  exper- 
imental condition.  Mean  airway  pressure  {?.,«)•  measured  at 
the  ventilator  was  verified  with  the  measurements  obtained 
with  the  monitor.  Prior  to  data  collection,  the  monitor  was  cal- 
ibrated with  an  infant  flow  transducer  according  to  manu- 
facturer's specifications.  This  calibration  was  then  verified 
manually,  with  the  breath  average  set  at  10  breaths.  We  used 
a  100-mL  calibration  syringe  with  the  plunger  stop  set  at  the 
20- mL  mark.  After  calibration,  bias  (mean  difference  between 
measured  and  syringe  volume)  was  0. 1  mL  for  inspiration  and 
0.4  mL  for  expiration. 
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Fig.  1.  Representative  waveforms  for  baseline 
(leak  off)  experimental  conditions:  A.  flow- 
controlled  ventilation  (FCV),  large  tidal  volume 
(Vt)  =  15  mL,  shiort  inspiratory  time  (Ti)  =  0.3 
s;  B.  pressure-controlled  ventilation  (PCV), 
large  Vj  =  15  mL,  sfiort  T,  =  0.3  s;  C.  FCV, 
small  Vt  =  7  mL,  short  T|  =  0.3  s;  D.  PCV, 
small  Vt  =  7  mL,  sfiorl  T|  =  0.3  s;  E.  FCV,  large 
Vt  =  1 5  mL,  long  T|  =  0.8  s;  F.  PCV,  large  Vt  = 
15  mL,  long  T|  =  0.8  s;  G.  FCV.  small  Vt  =  7 
mL,  long  T,  =  0.8  s;  H.  PCV,  small  Vt  =  7  mL, 
long  T|  =  0.8  s. 


The  flow  transducer  was  placed  between  the  patient  Y 
and  the  ETT  and  volume  was  derived  by  integration  of  the 
flow  signal. 

The  key  outcome  viiriable  was  the  volume  of  gas  lost  thmugh 
the  leak  expressed  as  a  percentage  change  in  expired  V| : 


%AVf 


VH(leakolT)- Vi,  (leakon) 
Ve  (leak  off) 


X  100 


Defined  in  this  way,  a  larger  number  for  %AVe  represents  a  larger 
effect  of  the  leak  and  a  more  adverse  effect  on  gas  exchange. 

Unpaired  /  tests  were  used  to  evaluate  the  leak  effect  for 
PCV  and  FCV  at  each  Vt  and  T|  setting.  Statistical  signifi- 
cance was  set  at  p  =  0.05. 

Because  the  physical  lung  model  was  unable  to  generate 
data  on  inspired  Vj.  we  supplemented  our  study  with  data  from 
a  mathematical  model  of  an  equivalent  electrical  model  (Fig. 
2).  FCV  was  represented  as  constant  cunent  and  PCV  as  con- 
stant voltage  inputs.  Equations  were  derived  for  lung  volume 
as  a  function  of  time  using  the  Laplace  Transform  (.Appendix). 

Results 

Raw  data  for  both  FCV  and  PCV  are  show  n  in  Figure  3. 
Waveforms  corresponding  to  the  experimental  conditions  are 
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Fig.  2.  Electrical  analog  of  physical  model  used  to  generate  a  corre- 
sponding mathematical  model  with  leak  off  (A)  and  with  leak  on  (B). 
R  =  resistance,  C  =  compliance,  P  =  pressure.  V  =  flow.  Parameter 
values  for  numerical  analysis  were:  Raw  =  70  cm  HjO  s  ' ,  Riung  =  1 0 
cm  H2O,  Clung  =  1  mUcm  H2O,  Rieak  =  70  cm  HsO/Us. 
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Fig.  3.  Experimental  data  to  determine  effects  of  different  inspiratory  times  on  tidal  volume  during  pressure-controlled  (PCV)  and  flow-con- 
trolled ventilation  (FCV).  V|  =  inspiratory  volume.  Ve  =  extialed  tidal  volume,  Paw  =  mean  aira/ay  pressure. 


shown  in  Figure  1.  Calculated  values  for  leak  effect  are 
graphed  in  Figure  4.  In  general,  the  effect  of  leak  was  less 
with  PCV  than  with  FCV.  This  result  was  most  pronounced 


with  a  long  T|  and  a  small  Vr  and  least  pronounced  for  short 
Ti  and  small  Vj. 

Ideal  volume  curves  from  the  mathematical  model  are 
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Fig.  4.  The  change  in  exhaled  tidal  volume 
created  by  the  leak  (ie,  %AVe)  for  each 
experimental  combination  of  mode,  tidal  vol- 
ume (Vt),  and  inspiratory  time  (T|).  FCV  = 
flow-controlled  ventilation,  PCV  =  pressure- 
controlled  ventilation.  Results  are  mean  (SD). 
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shown  in  Figure  5.  With  leak  on.  PCV  results  in  a  more  rapid 
rise  in  volume  as  a  function  of  time  than  FCV.  Thus,  for  any 
set  T|,  PCV  results  in  a  larger  Vt  when  the  leak  is  present. 


Time 

Fig.  5.  Volume/time  curves  tor  both  modes  of  ventilation,  leal<  on 
and  leak  off  derived  from  the  mathematical  model.  Pressure-con- 
trolled ventilation  (PCV)  generally  results  in  a  faster  rise  in  lung 
volume,  resulting  in  a  larger  tidal  volume  for  any  given  inspiratory 
time.  The  difference  between  PCV  and  flow-controlled  ventilation 
(FCV)  IS  probably  not  clinically  important  for  inspiratory  times  less 
than  0.3  seconds. 


Discussion 

Leaks  around  the  ETT  are  common  in  neonates  with 
uncufted  lubes.  One  study'  suggests  that  the  normal  le;ik  (dif- 
ference between  inspired  and  expired  \  olume  as  percent  of 


inspired  \oliinie)  is  about  10%  ±  '4'/c  whereas  some  infants 
with  evidence  of  tube  obstruction  had  leaks  of  64'/f  ±  15%. 
.Another  study  of  13  intubated  infants  found  leaks  of  15%  to 
35%.*  One  source  recommends  that  a  tube  leak  >  20%  indi- 
cates a  compromised  airway."  A  more  recent  study  by  Bern- 
stein et  al**  was  able  \o  describe  the  frequency  distribution  of 
leaks  in  50  infants  with  appropriately  sized  ETTs  (2.5-mm 
ID  through  4-mm  ID).  They  found  that  the  mean  (SD)  leak 
size  in  infants  was  15.6  (1 1)%.  A  minimal  leak  size  of  1  to 
10%  was  present  in  30%  of  infants,  leak  size  of  10%  to  20% 
in  48%^  of  infants,  leak  size  of  20%  to  30%  in  1 4%  of  infants 
and  leak  size  >  30%  in  8%  of  infants.  Of  the  infants  studied, 
70%  had  a  leak  size  of  >  10%.  The  investigators  observed  3 
cases  in  which  inappropriately  small  ETTs  resulted  in  leaks 
as  laige  as  75 "^f .  They  also  note  that  despite  the  use  ot  cuffed 
ETTs  in  ailulis,  there  is  an  incidence  of  6%  to  20%  of  "mas- 
sive'"  air\\a\  leaks. ^  defined  as  >10%  of  the  Vp. 

Leaks  ciui  be  insidious,  chiuiging  greatly  with  small  changes 
in  patient  position,  .lust  moving  the  patient's  head  Iroin  one 
side  to  the  other  can  cause  a  major  leak  and  suhset|iiciit  dete- 
rioration in  gas  exchange.  Unless  ec|uipmeni  for  bedside  pul- 
monary function  evaluation  is  available,  such  leak  effects  can 
go  unappreciated,  and  the  infant's  condition  is  simply  Judged 
to  be  "labile.""  If  a  large  leak  is  identified,  the  infant  may  be 
reinlubated  with  a  larger  tube.  However,  opiimi/ing  venti- 
lator settings  might  minimize  the  leak  effects  and  thus  a\()id 
the  risks  inherent  in  reintubation.  This  study  suggests  that 
increasing  both  the  Vj  and  ventilatory  rate  might  accomplish 
this  goal  in  both  FCV  and  PCV. 

Our  leak  model  also  simulates  lung  leaks,  such  as  bron- 
chopleural fistula.  Thus.  \  entilator  settings  may  be  optimized 
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in  the  same  way  when  clinically  important  Vj  is  being  lost 
through  a  chest  tube.  This  hypothesis  is  supported  by  results 
of  studies  using  high-frequency  ventilation.  The  same  basic 
theory  applies:  at  low  frequencies,  inspiratoi-y  flow  favors  leak 
pathways  because  their  impedance  is  almost  entirely  resis- 
tive (ie.  not  frequency  dependent)  compared  to  intact  lung 
whose  impedance  is  botli  resisti\e  ;ind  capacitive  (ie.  frequency 
dependent  with  high  impedance  at  low  frequencies).  At  high 
frequencies,  the  impedance  of  intact-pathways  decreases  and 
relatively  less  flow  follows  leak  pathways.'' 

The  purpose  of  the  mathematical  model  was  to  help  visu- 
alize and  generalize  the  reasons  for  the  obsened  study  effects. 
In  Figure  5.  the  intersection  of  the  2  solid  lines  represents 
the  target  Vf  being  delivered  at  the  set  Ti  for  the  no-leak  con- 
dition. The  shape  of  the  2  sets  of  curves  show  that  PCV  deliv- 
ers more  of  the  target  Vg  for  any  time  less  than  the  target  T| 
than  does  FCV.  Because  the  lung-pressure  cur\e  has  the  same 
shape  as  the  lung- volume  curve  (with  a  scale  factor  equal  {o 
volume/compliance)  and  because  mean  pressure  is  propor- 
tional to  the  area  under  the  pressure-time  curve. '"PCV  also 
delivers  a  larger  mean  lung  pressure  than  FCV  during  inspi- 
ration. This  suggests  that  an  intermittent  leak  may  have  less 
effect  on  blood  gas  values  during  PCV  tlian  during  FCV.  How- 
ever, the  difference  between  modes  in  terms  of  leak  effect 
(ie.  the  vertical  distance  between  "leak  off"  and  "leak  on" 
curves  in  Figure  5  as  a  percentage  of  the  leak  off  volume) 
for  short  Ti  may  become  clinically  unimportant  as  Ti  decreases 
(eg.  if  frequency  was  increased  at  a  fixed  ratio  of  inspiratorv- 
to-expiratory  time,  or  1:E).  More  importantly.  Figure  1  shows 
that  for  short  Tis  (particularly  with  a  large  Vj)  the  ventila- 
tor was  unable  to  generate  a  rectangular  pressure  waveform. 
Indeed,  the  PCV  curves  looked  almost  identical  to  the  FCV 
curves,  so  it  is  not  surprising  that  there  was  no  difference  in 
leak  effect. 

The  theoretical  waveforms  in  Figure  5  show  that  a  leak 
causes  lung  volume  to  rise  exponentially  rather  than  linearly 
with  FCV.  The  maximum  lung  volume  is  achiexed  (as  time 
approaches  infinity)  when  lung  pressure  (ie,  lung  volume/lung 
compliance)  equilibrates  with  the  pressure  drop  across  the  leak 
(ie,  set  inspiratory  flow  x  leak  resistance).  In  effect.  FCV  has 
been  changed  to  PCV  with  the  leak  acting  like  a  pressure-lim- 
iting valve.  It  is  interesting  to  note  that  this  observation  sub- 
stantiates Whitaker"s  statement  that  "The  amount  of  leak  will 
increase  as  lung  compliance  worsens. . ."-  during  FCV.  In  fact, 
leak  will  increase  and  Vj  decrease  as  the  impedance  of  the 
lung  increases  (ie.  compliance  decreases  and/or  resistance 
increases,  see  Equation  10  in  Appendix). 

The  relative  shapes  of  the  2  FCV  cur\es  indicate  that  V^ 
(leak  off)  increases  while  V^  (leak  on)  approaches  a  constant 
value.  Thus  '/r  AV^  increases  as  T|  increases.  This  would  sug- 
gest that  if  FCV  is  to  be  used  in  the  presence  of  an  intermittent 
leak,  gas  exchange  will  be  most  stable  with  short  Ti. 

During  PCV.  lung  volume  always  rises  exponentiallv .  but 
a  leak  limits  the  potential  maximum  lung  volume  (at  infinite 


time)  to  a  \aluc  eqtial  to  the  pressure  drop  across  the  leak,  rather 
than  the  set  inspiratory  pressure.  Equation  6  in  the  Appendix 
shows  that  the  maximum  lung  pressure  is  the  set  inspiratory 
pressure  (above  PEEP)  times  the  factor  RieukARieak  +  Riung)- 
As  with  FCV,  the  larger  the  leak,  the  smaller  the  pressure  drop 
across  it  and  the  smaller  the  potential  Vj.  The  relative  shapes 
of  the  2  PCV  curves  indicate  both  Vj,  (leak  off)  and  Vh  (leak 
on)  approach  a  constant  \alue,  but  at  different  rates.  Thus  9c  AW^ 
at  first  increases  as  inspiratory  time  increases  and  then  decreases 
to  a  constant  value.  Like  FCV.  if  PCV  is  to  be  used  in  the  pres- 
ence of  an  intermittent  leak,  gas  exchange  will  probably  be 
most  stable  with  short  T[S. 

Both  the  experimental  and  theoretical  results  of  this  study 
represent  the  case  of  a  normal  lung.  With  diseased  lungs 
(ie,  low  compliance  and/or  high  resistance)  the  effect  of  air 
leaks  might  he  more  pronounced  and  detrimental.  The  cur- 
rent theoretical  equations  gi\'en  in  the  Appendix  and  find- 
ings from  a  previous  study"  should  allow  the  assessment 
of  the  effect  of  leaks  in  any  disease  state  with  either  FCV 
or  PCV. 

A  limitation  of  this  study  is  that  it  models  the  behavior  of 
fixed  leaks  only.  Real  leaks  can  be  classified  in  at  least  four 
major  types: 

•  Fixed-orifice  leaks — this  type  of  leak  behaves  as  though 
gas  is  escaping  through  a  hole  w  ith  dimensions  that  do  not 
change  during  either  inhalation  or  exhalation. 

•  Variable-orifice  leaks — by  far  the  most  common,  this  type 
of  leak  increases  and  then  decreases  in  cross-sectional  area 
as  airway  pressure  increases  and  then  decreases  during 
mechanical  ventilation.  This  makes  physiologic  sense 
because  nonrigid  portions  of  the  trachea  and  upper  airways 
are  easily  dilated  by  the  application  of  positive  pressure. 

•  Critical-opening-pressure,  fixed-orifice  leaks — with  this 
type  of  leak,  gas  does  not  begin  to  escape  until  the  airway 
pressure  reaches  some  critical  threshold:  thereafter,  the  leak 
behaves  as  the  fixed-crifice  type. 

•  Critical-opening-pressure/variable-orifice  leaks — as  in  the 
previous  example,  this  type  of  leak  does  not  present  itself 
until  the  ainvay  pressure  reaches  a  critical  threshold:  there- 
after, the  leak  aperture  is  variable  in  size. 

Our  study  modeled  a  fixed-orifice  leak,  and  we  believe  the 
qualitative  conclusions  might  be  applied  to  the  other  types 
of  leaks: 

1.  Critical-opening-pressure,  fixed -orifice  leaks — A  leak 
v\  ith  a  critical  opening  pressure  would  have  the  effect  of  delay- 
ing the  presence  of  the  leak  effect.  However,  the  delay  would 
probably  be  longer  for  FCV  because  PCV  results  in  a  steeper 
tracheal  pressure  waveform  such  that  the  critical  opening 
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pressure  would  be  reached  earlier  in  inspiration.  Thus  the 
leak  might  affect  PCV  relatively  more  than  FCV  for  this 
model  compared  to  our  model.  As  a  result,  we  could  expect 
that  the  difference  in  %AVe  between  FCV  and  PCV  might 
be  smaller  than  that  observed  with  the  model  we  used.  The 
%AVe  may  not  reach  significance  in  the  case  of  small  Vts, 
but  there  is  no  reason  to  believe  that  the  qualitative  effect, 
or  the  conclusion  would  be  any  different.  That  is,  Vj  tends 
to  be  more  stable  during  PCV  than  during  FCV,  and  the  leak 
effect  is  minimized  in  either  mode  by  using  larger  Vys  and 
shorter  Tis. 

2.  Variable-orifice  leaks — One  can  envision  the  simplest 
case;  that  the  orifice  varied  between  2  resistances  as  airway 
pressure  increased.  This  model  would  act  like  2  fixed-ori- 
fice models  in  sequence  such  that  the  end  result  in  terms  of 
%AVe  would  be  the  result  of  volume  delivered  under  the  first 
condition  plus  the  volume  delivered  under  the  second  con- 
dition. Again,  the  qualitative  effect,  that  PCV  is  more  sta- 
ble than  FCV,  would  obtain,  and  the  conclusions  of  our  study 
would  still  be  valid.  Of  course,  in  the  real  world  the  orifice 
would  vary  among  an  infinite  number  of  resistances  from  small 
to  large  and  back  again.  But  this  can  be  conceptualized  as 
just  a  large  number  of  flxed-orifice  effects  stacked  together, 
much  like  an  analog-lo-digital  converter  would  sample  a  con- 
tinuously variable  signal  in  a  computerized  pulmonary  func- 
tion analyzer. 

3.  Critical-opening-pressure,  variable-orifice  leaks — This 
class  of  leaks  should  behave  as  a  combination  of  the  above 
2  types.  Because  neither  a  critical  opening  pressure  nor  a  vari- 
able orifice  would  be  expected  to  alter  the  general  conclusions 
based  on  a  fixed-orifice  model,  we  see  no  theoretical  reason 
why  combining  them  would  he  any  different. 

Conclusion 

This  study  indicates  that  instability  of  tidal  volume  caused 
by  a  fixed  airway  leak  can  be  minimized  by  using  pressure- 
controlled  ventilation  rather  than  tlow-controllcd  ventilation. 
IncreiLsed  tidal  volume  stability  may  lead  to  better  ga.s  exchange 
and  lower  the  risk  of  pulmonary  volutrauma.  Either  mode  can 
be  optimized  in  the  presence  of  a  leak  by  decreasing  inspi- 
ratory time,  and  increasing  the  tidal  volume. 


PRODUCT  SOURCES 

Ventilator: 

Newport  Wave,  Newport  Medical  Instruments,  Newport  Beach  CA 

Lung  Model: 

Neonatal  Lung  Model,  IngMar  Medical,  Pittsburgh  PA 

Ventilator  Circuit: 

Isothermal  Dual  Heated  Wire  Circuit,  Isothermal  Systems  Inc.  River- 
side CA 

Monitor: 

BICORE  CP  100  Neonatal,  Allied  Health  Care,  St  Louis  MO 

Calibrating  Equipment: 

100  cc  Calibration  Syringe  5510  Series,  Hans  Rudolph  Inc,  Kansas  City 
MO 
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Appendix 

Because  2  parallel  components  experience  the  same  pressure  drop  and  2  or  more  series  components  share  the  same  flow, 
the  following  equations  can  be  derived  and  solved  using  the  Laplace  Transform  for  constant  inspiratory  pressure  (PCV)  and 
flow  (FCV)  with  and  without  an  air  leak. 

General  Terms 

R  =  resistance  t  =  time  V  =  volume 

C  =  compliance  V  =  flow  AP  =  constant  inspiratory  pressure 

s  =  Laplace  operator  V,ot  =  total  flow  through  system  AV  =  constant  inspiratory  flow 

PCV  without  leali 

AP  =  Z,y„en,-Vt„„  11 J 

where  Z.yMcm  =  equivalent  impedance  of  the  lung  and  endotracheal  (ETT)  tube  =  (Rwhc  +  Riung)  +  1/  sC. 
Solving  [1]  for  Viot  and  integrating  over  time, 

V|ung(tl  =  V,o,(t)  =  AP  ■  Clung  (  I-  e^lClung   Rlu„g  +  Ci„„g   R,„bel).  [2] 

PCV  with  leak 

AP  =  Riubc  ■  V„„  +  Zlung  ■  Viung,  I  3  I 

Vt,o,  =  Viung  +  Vieak.  [4] 

Zlung- V|ung  =  Rleak'Vleak.  t^] 

where  Ziung  =  impedance  of  the  lung  =  Rumg  +  l/sCiung- 
Solving  [3j,  [4|.  and  [5)]simultaneously  for  Viung  and  integrating  over  time, 

V|^j^^(t)=     '^P  •  Clung  '  "^Igak     .,].g-llR,ube  +  Rleak)/|C|ung   iRleak    RlLbe  +  Rlcak    Rlung  +  Rlung   Rlube)]).  [6] 

'^  Ricak  +  Rtuhe 

FCV  without  leak 

By  directly  integrating  Vtm  over  time. 


FCV  with  leak 


Vlung(t)  =  V,o,(t)  =  AVt.  [7] 

V„„  =  Viung +V|eak.  [81 

Zlung  ■  Viung  =  Zieak  '  Vjeak-  ["J 


Solving  [7]  and  [8J  simultaneously. 


V|ung(t)  =  AVR|eakC|u„g(I  -  e^lR'-E  ^lung  +  Rieak  Qeakl).  [10] 
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Evaluation  of  21  Passive  Humidifiers  According  to  the  ISO  9360 
Standard:  Moisture  Output,  Dead  Space,  and  Flow  Resistance 

Richard  D  Branson  RRT  and  Kenneth  Davis  }r  MD 


BACKGROUND:  Humidification  of  inspired  gases  during  mechanical  ven- 
tilation is  essential  to  maintain  structure  and  function  of  the  respiratory  mucosa. 
Humidity  has  been  most  often  provided  by  heated  humidifiers.  More  recently 
passive  humidifiers.  (PH)  or  artificial  noses,  have  been  used  in  selected  cases. 
We  evaluated  the  moisture  output  of  21  passive  humidifiers.  DESCRIPTION 
OF  DEMCE:  Twenty-one  PHs  were  studied  including  1 1  hygroscopic  con- 
denser humidifiers  (HCH),  7  hygroscopic  condenser  humidifier  filters  (HCHF), 
and  3  heat  and  moisture  exchanger  filters  (HMEF).  EVALUATION  METH- 
ODS: All  devices  were  tested  for  moisture  output  (mg  H^OA.).  and  resistance 
(cm  HiO  L  s  ')  according  to  International  Standard  Organization  (ISO) 
9360.  Moisture  output  was  measured  by  determining  weight  loss  from  a  water 
bath  during  a  2-hour  period  of  ventilation  at  3  combinations  of  frequency  (f) 
and  tidal  volume  (V| )  (20  breaths/min  at  500  niL.  10  breaths/min  at  1.000 
mL,  and  20  breaths/min  at  1.000  mL).  Dead  space  was  measured  by  measuring 
pressure  change  in  the  PH  during  deli\  ery  of  \  olume  from  a  calibrated  syringe. 
Resistance  was  calculated  b>  measuring  pressure  drop  across  the  PH  at  a  How 
of  1  L/s.  EVALUATION  RESULTS:  Moisture  output  ranged  from  19.6  to 
33.2  mg  H:0/I..  As  a  group.  HCHF  performed  better  than  HCHs  and  HMEFs. 
Dead  space  ranged  from  19  to  94  niL.  Resistance  ranged  from  0.7  to  3.5  cm 
H2O  L  s  >.  CONCLUSIONS:  The  ISO  9360  system  allows  ranking  of  de>ices 
in  terms  of  moisture  output,  dead  space,  and  resistance.  These  values  can  all 
be  integrated  by  the  clinician  to  intelligentl>  choose  an  appropriate  PH.  We 
caution  that  these  results  apply  specifically  to  the  conditions  tested  and  that 
results  obtained  clinically  will  vary  with  patient  variables,  such  as  temper- 
ature and  minute  >entilation.  [Respii  Cure  1996;41(8):736-743| 


Introduction 

Humidification  of  inspired  gases  during  mechanical  ven- 
tilation is  a  standard  of  care.'  Investigators  have  described  the 
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untoward  effects  of  dry  gases  on  the  structure  and  integrity 
of  the  respirator)-  system.-^  Yet.  the  optimum  le\el  of  humid- 
ity remains  clusi\e.  Likeu  ise.  choosing  a  de\  ice  that  w  ill  pro- 
vide optimum  humidification  is  difficult.  Heated  humidifi- 
cation has  been  the  most  popular  method  for  conditioning 
inspired  gases  in  the  intensive  care  unit  (ICU).  In  the  past 
decade,  however,  passive  humidifiers  (artificial  noses)  have 
gained  acceptance  for  selected  cases.*"** 

An  artificial  nose  is  a  de\ice  that  collects  the  patient's 
expired  heat  and  moisture  in  a  medium  and  returns  a  portion 
of  it  during  inspiration.  The  method  used  to  retain  and 
exchange  heat  and  moisture  allows  these  devices  to  be  clas- 
sified. The  simplest  devices  use  a  medium  that  traps  heat  and 
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moisture  by  physical  principles  alone.  These  are  referred  to 
as  heat  and  moisture  exchangers  (HMEs)  and  were  the  first 
passive  humidifiers.  If  an  HME  also  contains  a  filter  (F),  it 
can  be  considered  an  HMEF.  In  an  effort  to  improve  the  mois- 
ture-conserving properties  of  an  HME,  many  manufactur- 
ers treat  the  medium  with  a  hygroscopic  salt  (calcium  or 
lithium  chloride).  These  de\ices  are  called  hygroscopic  con- 
denser humidifiers  (HCH)  and  use  both  physical  and  chem- 
ical properties  to  retain  and  exchange  moisture.  An  HCH  with 
a  filter  is  considered  an  HCHF. 

Evaluations  of  HMEs  and  HCHs  have  been  attempted  both 
in  vitro  and  in  vivo.'* '•*  In  1988,  the  International  Standards 
Organization  (ISO)  developed  a  test  method.  ISO  9360,  to 
evaluate  HMEs  and  HCHs.'^  Eckerbom  and  Lindholm"'  pub- 
lished an  evaluation  of  6  devices  using  ISO  9360  in  1990.  The 
results  of  this  study  helped  to  highlight  some  of  the  difficulties 
associated  with  the  ISO  9360  test  apparatus. 

The  purpose  of  our  study  was  to  evaluate  a  number  of  com- 
mercially available  HMEFs,  HCHs.  and  HCHFs  and  deter- 
mine the  moisture  output,  resistance,  and  dead  space  using 
the  ISO  9360  test  method.  To  our  know  ledge,  independent 
testing  of  these  devices  using  the  same  model  and  conditions 
has  not  been  previously  reported.  This  independent  evalua- 
tion was  undertaken  to  assist  practitioners  in  comparing  devices. 

Materials  &  Methods 

Device  Description 

Twenty-one  passive  humidifiers*  were  studied.  Manu- 
facturers were  contacted  by  phone  and  by  mail  and  asked  to 
provide  a  minimum  of  12  devices  from  their  stock. 

Testing  Apparatus 

We  duplicated  the  lung  model  described  in  ISO  9360  which 
consists  of  a  temperature-controlled  Cascade-1  humidifier,  a 
set  of  1-way  valves,  and  2  rubber  test  lungs  (Fig.  1 ).  Breath- 
ing was  simulated  with  a  Puritan  Bennett  7200  ventilator  and 
tidal  volume  (Vj)  and  minute  volume  (Vf.)  were  continuously 
monitored  by  a  \  anable-orifice  pneumotachometer  connected 
to  a  respiratory  monitor. 

Gas  from  the  \'entilator  at  a  fractional  inspired  oxygen  con- 
centration of  0.50  ( temperature  of  2 1  ~  C  and  absolute  humid- 
ity of  <  1.0  mg  H2O/L)  was  delivered  to  the  lung  model  at 
1  of  3  respiratory  frequency-tidal  volume  combinations  as 
specified  by  ISO  9360.  Table  1  lists  the  3  \  entilator  settings. 
Gas  traverses  the  pneumotachometer  and  is  directed  by  1  -way 
valves  into  the  test  lungs.  During  simulated  expiration,  gas 
is  forced  by  the  test  lungs  through  the  tower  of  the  heated 


Temperature  Controller 


Temperature  Measurement 


Fig.  1 .  ISO  lung  model  for  testing  passive  humidifiers;  HtVIE  =  heat 
and  moisture  exchanger. 


humidifier,  picking  up  heat  and  humidity  for  return  into  the 
ventilator  circuit.  The  heating  element  of  the  humidifier  is 
set  at  the  highest  setting  and  the  power  cord  plugged  into  a 
servo-controlled  temperature  controller.  A  temperature  probe 
placed  between  the  model  and  the  \ entilator  circuit  monitors 
gas  temperature.  The  temperamre  controller  maintains  expired 
gases  at  34°  C.  This  temperature  is  the  temperature  of  expired 
gases  measured  at  the  teeth  of  intubated  patients  during 
surgery.'^  The  temperature  monitoring  system  used  a  tem- 
perature probe  with  an  accuracy  of  ±  0.5°  C  and  a  1 -second 
response  time  ( 10-90%  step  change).  Relative  humidity  of 
expired  gases  was  checked  at  30-minute  intervals  using  an 
electronic  hygrometer.  The  model  delivers  gases  at  100%  rel- 
ative humidity,  making  continuous  measurement  impracti- 
cal because  once  the  sensor  becomes  saturated  it  displays  1(X)% 
relative  humidity  until  dried. 

Table  1 .      The  Three  Ventilator  Settings  Used  during  Testing  of  Passive 
Huiniditlers 


Tidal  Frequencv         Minute       ,  ^.  ^  _. 

Setting     ,,  ,  ,        ,    ,:       ,,      .,  I  Time*      E  Time 

Volume        (breaths/min)    Ventilation 


I 

500  mL 

20 

II 

1 .000  mL 

10 

111 

1 .000  mL 

20 

10  L 

1.0 

2.0 

lOL 

2.0 

4.0 

20  L 

1.0 

2.0 

*Suppliers  of  commercial  products  are  listed  in  the  Product  Sources  sec- 
tion at  the  end  of  the  text. 


1  Time  =  inspirator,  time  in  seconds;  E  time  -  expiralorv  lime  in  seconds 


The  measurement  of  water  loss  in  grams  is  the  most  impor- 
tant part  of  the  ISO  9360  method.  As  long  as  this  value  is  37.6 
±  1  mg/H:0/L.  small  errors  in  temperature  and  relative  humid- 
ity output  appear  to  balance  out  o\  er  the  2-hour  period  of  mea- 
surement. The  hygrometer  was  calibrated  using  known  humidi- 
ties created  from  solutions  of  lithium  salts.  According  to  ISO 
9360.  the  ratio  of  inspiratory-to-expirator>'  time  should  be  1 :2. 
In  order  to  control  expiratory  flow,  a  linear  resistor  with  a  value 
of  20  cm  H2O  •  L  •  s  '  was  placed  in  the  expiratory  limb  of 
the  circuit.  At  a  Vt  of  1 ,000  mL  and  breathing  rate  of  1 0  this 
created  an  inspiratory  time  of  2.0  seconds  (square  flow  wave- 
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form  at  30  L7min)  luid  an  expiratory  time  of  4.0  seconds  (exfKv 
nential-decay  flow  waveform  with  a  mean  expiratory  flow 
of  1 5  L/min).  Figure  2  depicts  the  inspiratory  and  expiratory 
flow  waveforms  at  10  breaths/minute  and  Vj  of  1.000  niL. 
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Fig.  2.  Airway  pressure  and  flow  waveforms  during  ventilation  of 
the  lung  model. 


The  entire  test  apparatus  was  placed  on  a  precision  scale 
with  an  accuracy  of  ±  0.1  gram.  Every  morning  the  appara- 
tus heated  for  2  hours  prior  to  testing.  This  was  followed  by 
a  2-hour  period  during  which  the  water  loss  in  grams  from 
the  lung  model  was  measured  without  a  passive  humidifier 
in-line.  After  the  control  period  had  been  established,  a  pas- 
sive humidifier  was  placed  in-line  between  the  model  outlet 
and  the  ventilator  circuit,  and  water  loss  over  a  2-hour  period 
was  measured.  Three  units  of  each  of  the  21  devices  were  tested 
at  each  of  the  3  ventilator  settings.  The  ISO  standiird  suggests 
that  testing  be  accomplished  for  24  hours.  However,  the  results 
of  Eckerbom  and  Lindholm"'  and  of  others"  '■"  suggest  that 
the  maximum  moisture  output  is  achieved  by  the  second  hour 
of  testing.  Moisture  output  of  each  device  was  determined  by 
the  ISO  9360  formula: 


moisture  output : 


AH(  1 


(H2O  loss  with  PH   x/V: 
■H:0  1oss\vithoutPH/V  V| 


-M) 


where  AH  =  absiilulc  humidity  at  34°  C  and  KXJ'/f  rel- 
ative humidity,  or  37.6  mg  H2O/L.  V|  is  the  inspired 
volume  of  gas  during  the  testing  period,  PH  is  passive 
humidifier,  and  Vi  is  the  expired  volume  of  gas  dur- 
ing the  testing  period. 


The  water  loss  and  Nolume  data  allow  an  efficiency  to  be 
calculated,  which  is  multiplied  by  the  absolute  humidity  of 
expired  gas  to  determine  the  moisture  returned  to  the  patient. 


Measurement  of  Dead  Space  &  Resistance 

Prior  to  use  and  after  2  hours  in  the  lung  model,  resistance 
of  each  device  was  measured.  Air  at  1  LVs  was  directed  through 
a  rotameter  to  measure  flow.  Pressure  drop  across  the  device 
was  measured  by  an  RT-200  calibration  analyzer. 

Dead  space  was  measured  according  to  ISO  9360.  Each 
device  was  capped  at  one  end.  The  other  end  of  the  device 
was  connected  to  a  calibration  syringe  with  a  pressure  tap 
attached  to  a  pressure  transducer.  The  calibration  syringe  was 
opened  to  a  value  that  when  added  lo  the  test  system  would 
increase  pressure  to  at  least  50  cm  H^O.  The  volume  of  the 
syringe  was  than  emptied  into  the  system  and  the  resulting 
pressure  measured.  This  was  repeated  with  the  passi\e  humid- 
ifier out  of  the  system  to  account  for  dead  space  due  to  sys- 
tem components.  Dead  space  or  compressible  volume  (Vc) 
is  then  determined  by  the  following  equation; 


Vc  =  Pa, 


-AV| 
>AP7 


AV 


0. 


where  Pam,  is  atmospheric  pressure.  V  ]  is  the  volume 
delivered  from  the  syringe.  Pi  is  the  pressure  in  the  sys- 
tem when  V 1  is  delivered.  Vi  is  the  volume  added  from 
the  syringe  without  the  passive  humidifier  in-line,  and 
P2  is  the  resulting  pressure. 


All  measurements  were  accomplished  using  passive 
humidifiers  that  had  not  been  used  in  the  lung  model  (ie:  they 
were  dry). 

Results 

The  moisture  output  at  each  of  the  3  respiratory  frequency- 
tidal  \olume  combinations  for  the  devices  tested  are  shown 
in  Table  2.  At  a  breathing  frequency  of  20  f  and  Vj  of  300 
mL.  10  of  the  devices  tested  were  able  to  deliver  30  mg  H2O/L. 
At  a  breathing  rate  of  10  and  Vt  of  1 .000  mL.  only  6  devices 
delivered  30  mg  HjO/l..  There  was  a  trentl  for  devices  to  deliver 
higher  humidity  when  V 1  and  Vh  were  less.  As  a  group,  the 
HCHF  devices  performed  better  with  regard  to  moisture  out- 
put than  did  the  HMEF  de\  ices. 

Resistance  (pressure  drop  at  1  L/s)  is  shown  in  Table  2.  Re- 
sistance ranged  from  0.7  cm  H2O  L  s"'  to  3.5  cm  H2O  ■  L  • 
s"'.  HCHF  de\ices  tended  lo  have  higher  aisistances  thitn  HMEF 
devices;  both  ucic  higher  than  HCH  devices.  Dead  space  and 
resistance  had  no  consistent  correlation.  After  2  hours  of  use 
in  (he  lung  model,  resistance  increased  slightly  in  all  devices. 

Dead  space  for  the  devices  are  shown  in  Table  2.  The  dead 
space  ranged  from  a  minimum  of  10  mL  to  a  maximum  of 
94  niL.  Among  HCHF  de\  ices,  an  increase  in  dead  space  was 
associated  w  iili  an  increase  in  moisture  output.  The  HMEF 
dc\  ices  also  increased  moisture  output  as  dead  space  increa.sed, 
bui  the  moisture  output  was  considerably  less  than  the  out- 
put of  HCH  devices. 
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Table  2.      Moisture  Output,  Resistance,  Dead  Space,  and  Moisture  Oulput/niL  ot  Dead  Space  of  21  Passive  Humidifiers  iPH).  Obtained  with  Testing 
Apparatus  Recommended  by  the  ISO 


Device 


Type 
ofPH 


Moisture  Output  (mg  H2O/L) 


500  X  20  1,000  X  10        1,000x20 


Resistance  cm 
H^OLs'  @  1  L/s 


Before 

After 

0.4   (0.1) 

1.2    (0.2) 

1.62(0.2) 

1.78(0.3) 

0.7   (0.1) 

1.1    (0.2) 

2.0  (0.2) 

2.2    (0.3) 

1.48(0,4) 

1.54(0.2) 

1.60(0.8) 

1.8    (0.3) 

2.0  (0,6) 

2.1     (0.3) 

3,5  (0.5) 

3.67  (0,4) 

1.6  (0.2) 

1.78(0.6) 

2.2  (0.4) 

2.36  (0,5) 

1.9  (0.1) 

2,08  (0.6) 

2,4  (0.5) 

2.57  (0.7) 

2.5  (0.4) 

2.7    (0.6) 

2.2  (0,1) 

2.3    (0.2) 

1.75(0.4) 

1,84(0,9) 

1.6  (0,4) 

1,79  (0,7) 

2,2  (0,3) 

2,38  (0,6) 

2.7  (0.4) 

2,86  (0,2) 

1.3  (0.2) 

1.5    (0.2) 

2.3  (0.3) 

2,44  (0.5) 

2,5  (0.5) 

2.67  (0,4) 

Dead  Moisture 

Space        Output/niL 
(niL)      of  Dead  Space 


Aqua  H 
Aqua  FH 
ARC 
ARCF 

Edith 

Engstrom  500 
Engstrom  1000 
Engstrom  1500 
FloCare  "L" 
Gibeck  HVF 
Hygrobac 
Hygrobac  S 
Hygroster 
Intersurgical 
lnlertech2841 
Intertech  HEPA 
Pall 

Portex  600 
Portex  1200 
Vital  Signs  HCH 
Vital  Signs  HCHF 


HCH 
HCHF 
HCH 
HCHF 
HCH 
HCH 
HCH 
HCH 
HCH 
HCHF 
HCHF 
HCHF 
HCHF 
HMEF 
HCH 
HMEF 
HMEF 
HCH 
HCH 
HCH 
HCHF 


31,2  (0,7)* 
31.8  (0.3) 

32.0  (0.6) 
32.4  (0.5) 

30.6  (0.4) 

26.7  (0,3) 
27,4  (0.5) 

29.1  (0,9) 

30.4  (1.1) 

32.1  (0.9) 

32.5  (0.6) 

29.6  (0.5) 

33.2  (0.2) 

25.4  (0.5) 

28.5  (0.6) 

24.8  (0.6) 

24.9  (0.6) 
25.2  (0.2) 
27.2  (0.1) 
.30.8  (0.6) 

29.7  (0,4) 


28.3  (0.5) 
29.1  (0.4) 
31.4(0.7) 
32.0  (0.6) 

30.0  (0,3) 

25.1  (0.4) 
26,1  (0,8) 

28.4  (0,6) 
27,1  (0,9) 
.30,8(0.7) 
31.0(0.5) 
28.0  (0.6) 
31.9(0.6) 
22.6  (0.4) 
27,0  (0.6) 
23.6(0.2) 
21.2(0.4) 
24.6(0.3) 

26.4  (0.5) 

28.5  (0,3) 
28.0  (0.5) 


27.1 
27.4 
30.4 
30.6 
28.9 
24.9 
25.8 
26,5 
25.6 
29.7 
29.4 
26.8 
30.6 
21.8 
25.5 
21.1 
19.6 
22.4 
25.1 
28.1 
26.9 


(0.9) 
(0.4) 
(0.7) 
(0.8) 
(0.4) 
(0.6) 
(0,7) 
(0.7) 
(0.7) 
(0.6) 
(0.4) 
(0.3) 
(0.8) 
(0.6) 
(0.6) 
(0.3) 
(0.3) 
(0.4) 
(0.6) 
(0.6) 
(0.2) 


84   (7) 

0.37 

87   (5) 

0.36 

89  (6) 

0.36 

86  (7) 

0,38 

82  (5) 

0,37 

19  (3) 

1.43 

29  (5) 

0.94 

40  (6) 

0.73 

32  (5) 

0.95 

58  (7) 

0.34 

92  (9) 

0,35 

48  (5) 

0,62 

94  (7) 

0,35 

65   (3) 

0.39 

36  (4) 

0.79 

78  (8) 

0,32 

90  (5) 

0,28 

10  (2) 

2,52 

33  (2) 

0,82 

48  (4) 

0,64 

58  (3) 

0,51 

*Mean  (SD) 


The  bias  and  precision  of  the  test  method  under  the  described 
conditions  are  1,1  mg  HiO/L  and  0,3  mg  H2O/L, 

Discussion 

Our  results  confirm  those  of  Exrkerbom  and  Lindholm"^  and 
those  published  by  the  Medical  Devices  Directorate  (MDD).'** 
In  our  study,  we  found  that  HCHs  are  superior  to  HMEFs  with 
regard  to  moisture  output  (mean  HMEF  moisture  output  was 
20.8  mg  H2O/L  while  mean  HCH  output  was  27.3  mg  H2O/L 
at  a  Vt  of  1 ,000  mL  and  f  of  20).  Mean  resistance  at  a  flow 
of  1  L/s  was  2. 1 6  cm  H2O  •  L  ■  S-'  for  HCHF,  2.0  cm  H2O  L 
■  s-i  for  HMEF,  and  1 .8  cm  H2O  ■  L  s'  for  HCH.  Moisture 
output  of  all  devices  is  greater  at  lower  Vj  and  Vg.  (At  the  ven- 
tilator settings  explained  in  Table  1 ,  we  calculated  a  mean  mois- 
ture output  at  Setting  I  to  be  29.3  mg;  at  Setting  II,  27.6  mg; 
and  at  Setting  III,  24.9  mg  H2O.)  Resistance  increases  slightly 
in  all  devices  after  use  (mean  increase  of  0. 1 8  cm  H2O  •  L  •  s  ' 
after  3  hours  of  use),  and  performance  of  HCH  devices  tends 
to  improve  as  dead  space  of  the  device  increases. 

The  ISO  9360  system  serves  as  a  method  to  compare  sim- 
ilar devices  under  controlled  conditions.  However,  the  actual 
moisture  delivered  to  a  patient  wUl  depend  upon  the  temperature 
of  gas  entering  the  artificial  nose,  the  Vj,  and  Vg.  A  patient 
with  a  body  temperature  of  32°  C  (ie,  a  hypothermic  patient) 
cannot  receive  32  mg  H2O/L  from  an  artificial  nose.  At  32°  C, 
the  absolute  humidity  of  expired  gas  could  only  be  34  mg 


H2O/L.  If  the  passive  humidifier  is  80%  efficient,  than  deliv- 
ered moisture  would  only  be  27.2  mg  H2O/L.  We  believe  that 
the  ISO  9360  test  is  simply  a  ranking  system  for  passive  humid- 
ifiers; it  does  not  define  the  moisture  output  of  these  devices 
under  all  clinical  conditions.  We  also  believe  that  the  type  of 
humidifier  used  should  be  based  upon  patient  condition,  dura- 
tion of  ventilatory  support,  goal  of  humidity  therapy,  and  ven- 
tilator settings.* 

Eckerbom  and  Lindholm"'  have  commented  on  a  few  of  the 
difficulties  associated  with  the  ISO  9360  test  apparatus.  We 
have  also  identified  several  possible  sources  of  error.  Of  par- 
ticular interest  is  the  shape  and  rate  of  expiratory  flow.  ISO  9360 
states  that  the  1:E  be  1:2.  At  a  breathing  rate  of  10  f  and  Vj  of 
1 ,000  mL,  this  results  in  an  inspiratory  time  of  2.0  seconds  (square 
flow  wavefomi  of  .30  L/min)  and  an  expiratoiy  time  of  4.0  .sec- 
onds. Depending  upon  the  compliance  of  the  test  lungs  and  total 
system  resistance,  this  could  result  in  an  expiratory  flow  for 
4.0  seconds  (mean  expiratory  flow  of  15  L/min).  an  expiratory 
flow  for  2.0  seconds  (mean  expiratory  flow  of  30  L/min)  with 
a  2-second  pause,  or  an  expiratory  flow  for  1 .0  second  (mean 
expiratory  flow  of  60  L/min)  with  a  3-second  pause.  These  3 
expiratory-flow  conditions  will  result  in  3  different  moisture- 
output  values.  Our  experience  suggests  that  as  expiratory  flow 
increases  and  contact  time  between  expiratory  gas  and  the  HME 
diminishes,  so  does  moisture  output.  In  a  comparative  evalu- 
ation, consistency  is  of  primary  importance.  We  chose  to  allow 
a  4.0-second  expiratory  time  to  allow  comparison  to  the  MDD 
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evaluations.  However,  the  MDD  uses  a  microprocessor-con- 
trolled piston  to  create  inspiratoiy  and  expirator>'  flow  atid  uses 
a  square  flow  waveform  on  both  inspiration  (30  L/min)  and  expi- 
ration ( 15  L/min)."*  Our  decelerating  expiratory-flow  wave- 
form is  more  representative  of  the  clinical  situation  and  results 
in  slightly  lower  values  than  those  reported  by  the  MDD. 

Dead  space  of  the  test  apparatus  is  also  important.  In  this 
instance,  dead  space  is  the  volume  between  the  output  of  the 
34°  C  expired  gas  and  the  passive  humidifier.  If  this  volume 
is  too  large  it  serves  to  act  as  a  secondary  source  of  heat  and 
moisture  exchange.  The  dead-space  volume  of  our  system 
was  32  niL.  We  believe  any  volume  greater  than  lO^r  of  the 
Vt  will  result  in  erroneous  values.  These  variables,  as  well 
as  accuracy  of  temperature  measurement  and  resolution  of 
the  temperature  controller,  all  help  to  explain  the  wide  dif- 
ferences in  study  results  among  investigators  using  the  ISO 
9360  test  apparatus. 

Published  results  using  ISO  9360  include  those  of  Ecker- 
bom  and  Lindholm,'"  the  MDD  reports,"*  and  our  data.  The 
values  for  moisture  output  of  devices  common  to  the  3  stud- 
ies are  shown  in  Table  3.  The  results  published  by  the  MDD 
and  our  results  are  within  2  mg  H:0/L  for  each  device.  Our 
results  and  those  of  Eckerbom  and  Lindholm  are  similar  for 
2  of  the  3  common  devices.  The  results  related  to  the  Engstrom 
Edith  by  Eckerbom  and  Lindholm  are  suspect,  being  nearly 
9  mg  H2O/L  less  than  ours  and  the  MDD.  This  underscores 
the  importance  of  multiple  trials,  validation  of  the  test  appa- 
ratus, and  use  of  the  reported  data  as  a  ranking  system.  Of  note 
from  the  Eckerbom  and  Lindholm  paper,  is  the  control  value 
(the  test  apparatus  run  without  a  passive  humidifier),  which 
is  reported  as  10  mg  H:)0/L  (water  loss  of  27.4  mg  H^O/L). 
This  value  should  be  37.6  mg  HiO/L  and  suggests  possible 
technical  problems  with  the  test  apparatus.  However,  despite 
this  error.  2  of  the  3  results  they  report  are  similar  to  ours. 

Tabic  .'.      ('(iinpansdn  iit  Moisliire  Oulpiil  Rculls  Irom  llie  Present 
Study  and  Twd  Previous  Reports  (Tidal  Volume  1 .0  L  and 
Respiratory  l-requeney  ol  10  Breaths/Mini 


Deviee 

Eckerbom  et  al'" 

MDD'» 

Branson  et  al 

Pall 

20.y* 

21.1 

21.2 

Edith 

21.5 

31.8 

30.0 

Vital  SiynsllCH 

27.8 

— 

28.0 

Vital  Siiins  HCHF 

— 

— 

28.5 

Kngstroni  10(10 

— 

26.8 

26.1 

Fngstrcini  l.'SOO 

— 

29.7 

28.4 

Hyjirobae 

— 

30.9 

31.0 

GIbeck  Humid 

Vent  Filter 

— 

31.5 

30.8 

Intersurgical 

— 

22.0 

22.6 

ARC  Thermono  Filter 

32.1 

32.0 

•Values  arc  mg  H>0/L. 

.According  to  ISO  9360.  pressure  drop  across  a  passi\e 
humitlifier  shtiuld  be  less  than  .^.0  cm  ILO  at  a  How  of  ."iO 


L/min."  All  of  the  devices  we  tested  met  this  criterion.  It  is 
our  own  opinion  that  the  resistance  of  a  passive  humidifier 
should  mimic  noniial  upper  aii^vay  resistance  and  should  there- 
fore be  less  than  3.0  cm  H:0  •  L  ■  s"'  (pressure  drop  of  3.0 
cm  H2O  at  a  flow  of  60  L/min).  Only  the  Engstrom  Edith  15(X3 
exceeded  this  value  (3.5  cm  H2O  ■  L  ■  s  ' ).  The  importance 
of  passive  humidifier  resistance  depends  on  the  clinical  sit- 
uation. In  the  operating  room  where  patients  are  often  heav- 
ily sedated  and/or  paralyzed,  resistance  may  be  of  little  impor- 
tance. In  the  ICU,  flow  resistance  may  contribute  to  an  already 
increased  work  of  breathing  and  should  be  avoided.  In  pedi- 
atric environments,  the  resistance  value  should,  of  course, 
be  adjusted. 

Passive  humidifier  resistance  is  a  function  of  density  of 
the  medium,  connector  sizes  (diameter),  path  of  gas  flow,  and 
dead  space.  An  increase  in  dead-space  volume  allows  for  a 
lower  resistance  and  to  some  extent  a  higher  moisture  out- 
put. However,  the  balance  between  resistance  and  dead  space 
must  be  considered.  Of  the  devices  we  tested,  8  had  a  dead 
space  >  80  mL  and  3  had  a  dead  space  >  90  niL.  At  a  tidal 
volume  of  5(X)  mL,  this  result.s  in  a  clinically  important  increa.se 
in  total  dead  space.  (Nearly  20*^  of  the  Vj  is  lost  in  the  pas- 
sive humidifier.)  Device  selection  should  include  consider- 
ation of  the  dead  space  of  the  device  with  respect  to  the  .set 
V 7.  Additionally,  spontaneously  breathing  patients  may  find 
the  additional  dead  space  an  unnecess;iry  burden,  possibly  pro- 
longing weaning  or  contributing  to  muscle  fatigue.'''  --  We 
recommend  a  passive  humidifier  with  a  dead  space  <  15% 
of  the  set  Vt  and  in  spontaneously  breathing  patients  a  device 
with  a  dead-space  volume  of  <  10%  of  the  spontaneous  Vf. 

Previous  evaluations  of  passive  humidifiers  have  used  elec- 
tronic hygrometers  and  thennistors  to  measure  relative  humid- 
ity and  temperature  separately  to  determine  absolute  humid- 
ity.'" '^  This  has  been  accomplished  in  bench  and  human 
studies.  An  important  limitation  to  this  method  is  related  to 
the  response  time  of  the  separate  measuiing  devices  and  match- 
ing signals.  Electronic  hygrometers  generally  have  a  slow 
response  time  (()-90'/f  in  4  s)  while  thennistors  are  much  faster 
(0-90%  in  0.5  s).  If  during  measurement,  the  peak  temper- 
ature and  pe;ik  humidity  lue  repoiled  but  occur  at  sepiuate  times 
within  inspiration,  then  the  reported  value  for  absolute  humid- 
ity is  an  overestimate.  Likewise,  if  trough  levels  are  reported, 
moisture  output  is  underestimated.  This  problem  coupled  with 
the  bidirectional  gas  flow  within  the  system  and  the  effects 
of  condensation  on  the  accuracy  and  response  time  of  the  sen- 
sors makes  electronic  measurement  of  humidity  difficult.  Prim- 
iano  et  al-'  adapted  a  mass  spectrometer  to  measure  the  par- 
tial pressure  of  water  vapor  in  respired  ga.ses  to  eliminate  these 
problems.  However  this  technique  is  not  widely  available. 

Numerous  evaluations  of  passive  humidifiers  have  been 
published,  but  tlie  differences  in  methixlology  make  comp;irison 
of  results  difficult.  Table  4  lists  bench  evaluations  of  passive 
humidifiers  including  methodology,  year  of  publication,  and 
applicable  results. 
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Table  4.      Puhlislu-d  Bench  E\aluation^  of  Passive  Humidifiers 


Aulhor 


Year  Measuremenl  System  Ventilation  Parameters 


Devices  and  Results 
11112  H:0/L) 


Expired  Gas 
Temperature  °  C 


Walkeretal"  1976  Gra\inietry  (water  loss 

by  weight) 


Weeks'- 


Rooni  air  f  +  V  y  =  NR 


Gedeon  el  a!-"  I97<)  Theniionietry  +  hygrometry  NR.  f  +  Vj  =  varied 


lys  1  Thermometry  +  hygrometry  Room  air  8  x  800  inL 


Mebius"  1983  Thermometry  +  hygrometry  AirNRxSOOmL 

and  gravinietry 


Danieca  =  20.4.  Portex  =  20.4 

34.5 

Gai-thur=  17 

Siemens  1S()  =  32@  1.0  LVp 

NR  water 

bath  =  37 

Siemens  150  =  30 

32-34 

Edith  =  29.  HumidVent  1  =  26, 

33.5(0.5) 

Siemens  150  =  30. 

Siemens  151=27.  Brealhaid  =  22 


Health  Devices'-      1983  Thermometrv -H  hverometn'  .Mr  10  x  1.000  mL 


Danieca  =  16.  HumidVent  =  21. 
Siemens  150  =  25.  Breathaid=  14 


30 


Chalon  et  al" 


1984 


Thermometry  +  hygrometry 


Circle  absorber  system 
including  CO:  production 
10x600mL 


Pall  =  27 


32(0.1) 


Ostinoet  al" 


1985 


Gravimetrv 


Air  10  x  700  mL 


Portex  HV=  19.3.  Siemens  150  =  21. 
Siemens  151  =  14.  Brealhaid  =  10 


37(0.1) 


Shelly  el  al'"  1986         Gravinietry 


Room  air.  anesthesia 
circuit 


*Edith.  Garthur.  Portex. 
Siemens  150,  Pall 


34.5 


3ranson  et  ar  1987  Thermometrv  +  hvarometrv  Air  12  x  1.000  niL 


Edith  =  26.5,  Foam  Nose  =  24. 
Pall  =  24.  Brealhaid  =  21, 
Siemens  150  =  26.5. 
HumidVent  =  23.5.  Humidair  =  25 


32(1.0) 


Hayes 


1987  Therniomelry -H  hygrometry  Air  Vp  =  10  L/min 


Edith  =  28.  HumidVent  =  26. 
Foam  Nose  =  25,  Pall  =  20, 
ICOR  101  =24.  ICOR  102  =  22. 
Siemens  150  =  26.  Siemens  151  =28 


NR 


Cigada  et  al-''  1990  Thermometry  +  hygrometry  Air  15  x  800  niL 


Pall=  15.7.  Brealhaid  =  14. 
Edith  =  17.  HumidVem=  16. 
HumidVent  2  =  20.  Hygrobac  =  21. 
SH  152  =  20.  ICOR  =  13 


30-33 


Eckerbom  et  al"'       1990  Gravinietry 


Air  10  X  1,000  mL 


Pall  =  20,9,  Foam  Nose  =  24.2, 
Servo  150  =  26.6.  Edith  =  21.5, 
ICOR  =  27.8.  Humid  Vent  =  19.2 


34(0.6) 


Mebius-" 


1992  Thermometry -1- hygrometry  Air  10  ^  1.000  mL 

and  gravimetrv 


HumidVent  =  29.9,  Pall  =  22, 
ARC  =  29.9.  Hygrobac  =  29.9, 
ICOR  =  29.9.  Intersurcical  =  22 


34 


Unal  et  al- 


1 94.5  Thermometry  and 

mass  spectometry 


Air  10  X   1.000  mL 


NR  =  not  reported,  t  =  frequency.  Vj  =  tidal  volume.  Vf-  =  expired  \  olume  per  minute. 
*  All  \alues  are  reported  in  water  loss  ig  H;0/h).  nol  ninisuire  oulpul. 


Hygroster  =  34 


34.5(1.0) 


Gomparisons  of  passive  humidifiers  are  difficult.  Mois- 
ture output  is  an  important  consideration — but  not  the  only 
important  feature  of  a  humidifier.  In  fact,  moisture  output  can 
be  examined  in  other  ways  than  the  absolute  value.  Table  2 


shows  the  moisture  output  of  these  devices/niL  of  dead  space. 
This  provides  a  method  of  viewing  passive  humidifiers  using 
2  of  the  3  most  important  characteristics,  moisture  output,  and 
dead  space.  Of  note  is  the  fact  that  smaller  devices  can  pro- 
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vide  more  inoisture/niL  of  dead  space,  but  in  order  for  an  HCH 
tt)  reacti  the  30  nig  HiO/L  threshe)ld.  dead  space  must  approach 
60  mL. 

The  Consensus  Statement  on  Mechanical  Ventilation  of 
the  American  Association  for  Respiratory  Care  suggests  that 
deli\  ered  humidity  should  be  25-35  mg  H^O/L.--*  This  dif- 
fers from  the  30  mg  H^O/L  often  quoted  as  a  minimum.  That 
quoted  value  comes  from  the  American  Society  for  Testing 
and  Materials  standard  for  heated  humidifiers.-''  We  believe 
that  using  the  30-mg  value  is  a  misapplication  of  the  standard. 
The  Consensus  Conference  value  allows  the  use  of  passive 
humidifiers  under  certain  conditions.  We  have  published  an 
algorithm  for  the  appropriate  use  of  passive  humidifiers  in 
the  ICU  and  \alidated  its  use  in  100  patients  without  incidence 
of  endotracheal  tube  occlusion.''  We  believe  that  appropriate 
application  is  paramount  to  successful  use  of  passive  humid- 
ifiers. In  several  clinical  studies,  endotracheal  tube  occlusion 
has  been  common.  This  has  been  attributed  to  use  of  an  HMEF 
that  performed  pooriy  in  all  three  ISO  9360  evaluations.  In 
1 W5.  Dreyfuss  et  aP  reported  the  use  of  an  HCHF  in  ICU 
patients  with  an  incidence  of  endotracheal  tube  occlusion  of 
29(  ( 1/61 ).  Howe\er.  Dreyfuss  also  reported  that  occlusion 
of  the  PH  occurred  6  times  in  4  patients — 10%  (6/61 ).  This 
further  supports  the  need  for  use  of  an  algorithm  to  prevent 
use  of  passive  humidifiers  in  instances  in  which  they  are  likely 
to  cause  complications."  Any  cost  savings  derived  from  use 
of  passive  humidifiers  will  be  eliminated  by  a  single  endo- 
tracheal tube  occlusion  resulting  in  patient  morbidity. 

We  believe  that  there  are  6  important  characteristics  of  a 
passive  humidifier:  moisture  output,  dead  space,  resistance, 
cost,  filtration,  and  design  (shape,  weight,  and  features  such 
as  a  poll  for  carbon  dioxide  sampling).  In  the  ICU.  we  believe 
the  most  important  characteristics  are  moisture  output,  dead 
space,  resistance,  and  cost.  Filtration  has  not  shown  to  be  of 
value  in  the  ICU,''^  and  design  is  a  matter  of  preference.  How- 
ever, size,  weight,  and  PH  features  (sampling  port,  extension 
tube)  may  play  a  role  in  choosing  a  PH.  The  absolute  level 
of  humidity  required  for  ICU  use  is  uncertain.  We  believe  that 
the  difference  between  a  device  that  delivers  28  mg  H2O/L 
and  one  that  delivers  32  mg  H:0/L  (according  to  ISO  9360) 
is  unimportant  given  the  accuracy  of  the  test  results  and  the 
small  difference  in  delivered  humidity.  In  these  instances,  the 
device  with  a  moisture  output  >  28  mg  H2O/L  and  the  low- 
est resistance  and  dead  space  should  be  che)sen.  Cost  is  also 
an  important  issue,  and  we  believe  that  purchase  of  a  device 
that  costs  an  extra  75  cents  to  gain  I  -2  mg  H2O/L  is  unwise. 
The  desired  chiuacteristics  of  a  passive  humidifier  change  with 
the  clinical  situation  (in  the  operating  room  where  ventila- 
tion will  last  <  2  hours,  cost  may  be  the  most  important  deter- 
minant). We  continue  to  use  passive  humidification  for  all  ven- 
tilated patients  in  the  recovery  room  and  cardiac  surgery  ICU. 
Use  of  passive  humidifiers  in  the  medical  and  surgical  ICUs 
is  controlled  by  the  algorithm  and  limited  to  a  maximum  of 
5  davs. 


In  summary,  we  evaluated  2 1  passive  humidifiers  using  ISO 
9360  test  methods  for  moisture  output,  resistance,  and  dead 
space.  This  evaluation  is  intended  to  allow  ranking  of  devices 
according  to  these  characteristics.  For  ICU  use.  we  recommend 
a  passive  humidifier  with  a  moisture  output  of  >  28  mg  H:0/L, 
dead  space  <  50  mL,  and  resistance  <  2.5  cm  HiO  ■  L  ■  s"'.  We 
also  recommend  using  an  algorithm  to  select  patients  for  the 
type  of  humidification  and  limiting  use  to  <  5  days.  Passive 
humidifiers  always  result  in  water  loss  from  the  respiratory 
tree  and  cannot  add  moisture  to  already  thickened  secretions. 
In  cases  of  hypothermia  «  32"  C).  bloody  or  thickened  secre- 
tions, and  air  leaks,  a  heated  humidifier  should  be  used.* 
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As  part  of  our  celebration,  the  editors  have  chosen  tu  repubhsh  articles  ihai  ha\e  appeared  in  past  issues  of  the  Journal. 
During  the  coming  months,  our  readers  are  invited  to  lmijon  this  historic  reflection  with  us. 


Reflecting  on  40  Years  of  RESPIRATORY  CARE: 
Looking  Ahead 


An  excerpt  from  the  Dpeniug  address  delivered  at  the  1955 
Institute  In  the  Chairman  of  the  Board  of  Directors,  Sister 
M.  Rndolpha.  O.S.F. 

I  am  happy,  once  again,  to  preside  at  ttie  opening  luncheon 
of  the  Institute  sponsored  by  the  American  Association  of 
inhalation  Therapists. 

I  am  happy  that  so  many  of  you  were  able  to  come  to  this 
Institute.  It  is  my  hope  that  we  shall  continue  to  hold  these 
annual  meetings,  and  that  because  of  them  our  intluence  will 
increase,  and  we  shall  earn  not  only  the  respect  but  the  admi- 
ration of  doctors,  hospital  administrators,  and  other  profes- 
sional people. 

To  accomplish  this,  I  ask  that  all  of  us  cooperate  to  the 
fullest  degree  with  our  Board  of  Directors:  that  we  give  all 
the  help  we  can  to  our  Executive  Director.  His  job  is  to  make 
our  association  grow  on  a  national  basis,  and  he  will  not  be 
able  to  do  this  if  we  are  non-cooperative,  petty,  jealous  and 
opiniitnated.  There  ai'e  so  many  problems  confronting  us  still. 
I  v\  ould  not  want  any  of  you  to  get  the  impression  that  this 
association  is  now  an  accomplished  fact. 

We  have  only  begun  to  scratch  the  surface.  When  we  con- 
sider that  we  have  fewer  than  four  hundred  members,  and  that 
our  potential  membership  can  be  estimated  in  the  thousands — 
then  we  can  readily  see  how  much  remains  to  be  accximplished. 

But  it  cannot  be  accomplished  unless  we  each  resolve  to 
do  our  utmost  to  help.  There  are  many  ways.  For  example, 
have  you  ever  told  other  people  about  our  association?  I  do 
not  mean  only  other  therapists,  but  hospital  personnel  in  other 
work  areas.  Why  should  they  not  know  all  about  us?  Who  we 
are?  What  our  work  is?  And  what  we  hope  to  accomplish 
through  this  association?  They  are  fully  aware  of  other  pro- 
fessional groups,  such  as  Medical  Record  Librarians.  Nurs- 
ing Anesthetists,  etc. 

You  can  also  help  by  getting  new  members.  In  her  new  s 
letter.  Sister  Borromea  asked  that  each  of  us  get  one  prospec- 
tive member  to  send  in  an  application  for  membership.  Some 
of  us  have  already  done  this.  But  if  we  all  make  this  effort, 
we  shall,  provided  the  applicant  meets  our  standards,  double 
our  membership. 


Not  only  will  this  be  helpful  financially,  but  it  will  help 
boost  our  morale.  Moreover,  it  will  let  others  know  that  we 
are  a  growing  and  dynamic  organization. 

I  have  a  picuire  in  my  mind  for  the  future.  Perhaps  it  is  only 
a  dream,  but  who  can  tell  when  dreams  become  reality? 

I  see  our  association  with  chapters  in  principal  cities  all 
over  the  United  States  and  Canada. 

I  see  our  membership  in  the  thousands. 

I  visualize  the  respect  and  admiration  w  ith  w  hich  others 
will  regard  us. 

I  see  a  Journal  published  regularly  by  our  association, 
one  very  much  in  demand  b\'  all  persons  interested  in  inhala- 
tion therapy. 

Other  parts  of  this  dream  include  a  complete  and  competent 
bibliography,  a  permanent  library  containing  the  best  that  has 
been  published  on  inhalation  therapy. 

Perhaps  we  shall  even  get  to  the  place  where  we  have  licens- 
ing in  all  states,  with  uniformly  high  standards  established  with 
the  help  of  our  association.  And.  finalK,  I  see  industrv  look- 
ing to  us  with  respect  and  with  a  great  degree  of  satisfaction 
because  we  are  a  thoroughly  self-supporting,  and  completely 
professional  association. 

These  are  just  some  of  the  di"eams  for  the  future  of  the  Amer- 
ican Association  of  Inhalation  Therapists.  Won't  you  please 
join  me  and  the  other  members  of  the  Board  in  working  hard 
to  help  these  dreams  come  tnie'  | Respir Care  1 9.'^6;  1(11:7-8] 


Kdilor's  Note:  In  1955,  Sister  Rudolpha  had  some  interesting 
drcuins — most  of  them  have  become  realities,  RESPIRATORY  CARE 
is  celebrating  40  years  of  publication,  membership  in  the  American 
Ass(X"iation  for  Respiralorv'  Care  i  fomierh .  the  American  Ass(K'iation 
for  Inhalation  Tlierapy )  is  approaching  4().(XX).  most  slates  have  licens- 
ing requirements  for  respiratory  care  practitioners,  and  the  AARC 
is  affiliated  with  associations  worldwide.  In  the  June  1996  issue  of 
tlie  Journal,  De;ui  Hess  PhD  RRT  published  Tlie  Program  Committee 
Lceliire:  Respiralorx  Care  at  lite  Crossroads — Evolulion  or  Extinc- 
tion :'  [Respir  Care  1 99(i;4 1  (6):5.^4-54.^  j.  The  Lecture,  delivered  dur- 
ing the  1995  Annual  Meeting  in  Oriando,  Florida,  provides  a  unique 
perspective  about  what  the  future  looks  like  for  today's  respiratory 
care  practitioner. 
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PFT  Corner 


PFT  Corner  #53 — Lessons  from  Spirometry:  Look  at  the  Picture 

Matthew  Veatch  BS,  Jack  Wanger  RPFT  RRT,  and  Edward  Chan  MD 


Case  Summary 

A  44-year-old  woman  who  had  been 
diagnosed  with  asthma  3  years  earlier 
was  seen  in  our  otitpatient  clinic  for  a 
second  opinion  regarding  her  illness, 
which  has  been  marked  by  frequent  and 
prolonged  hospitalizations  and  corti- 
costeroid usage.  At  the  time  of  her  clinic 
visit,  she  was  taking  inhaled  albuterol 
(4  puffs.  4  times/day),  tlieophylline  (200 
mg.  2  times/day)  and  prednisone  (20 
ing/day).  She  said  she  had  never 
smoked.  She  complained  of  maiked  dys- 
pnea and  a  dry  cough,  which  was  trig- 
gered by  exertion  and  by  laughing  or 
talking  excessively.  Auscultation  of  the 
upper  lung  fields  revealed  harsh,  stri- 
dorous  inspiratory  breath  sounds.  In 
addition,  she  had  signs  of  prolonged 
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National  Jewish  Center  for  Immunology  and 
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Reprints;  Matthew  Veatch.  Pulmonary  Physi- 
ology Unit.  National  Jewish  Center  for  Im- 
munology and  Respiratory  Medicine.  1400 
Jackson  St.  Denver  CO  80206. 


Steroid  usage,  including  abnormal  fat  dis- 
tribution, myopathy,  and  bruising. 

Pulmonary  function  tests  were  per- 
formed and  the  results  are  shown  in 
Table  1  and  Figure  1 . 

Fig.  1.  Flow-volume  loop  obtained  during 
initial  spirometry  in  a  44-year-old  woman 
who  did  not  smoke  but  who  was  complain- 
ing of  dyspnea  and  a  dry  cough  ( —  = 
before  bronchodilator:  -  -  -  =  after  bron- 
chodilator; =  predicted). 


Volume  (L) 


Tahle  I .      Results  of  Pulmonary  Function  Testing  before  and  after  Administration  of 

Bronchodilator  {0.5  mL  Albuterol  in  1.0  niL  Physiologic  Saline)  to  Patient  with  Dysp- 
nea and  Cough. 


Before 
(%  Predicted) 


Slow  vital  capacity.  SVC  (L) 
Forced  vital  capacity.  FVC  (L) 
Forced  expiratory  volume  in  the 

first  second.  FEVj  (L) 
FEV|/FVC(%) 
Forced  expiratory  flow  between  25  & 

75%  ofVC.  FEF:5.75,;  (L/s) 
Peak  expiratory  flow.  PEER  (L/s) 
FEE  at  25  %  of  VC.  FEF:^,;;  (L/s) 
FEF  at  50%  of  VC,  FEF507,  (L/s) 
FEE  at  75%  of  VC.  FEF75<j  (L/s) 
Thoracic  gas  volume.  TGV  at  functional 

residual  capacity  FRC  (L) 
Residual  volume.  RV  (L) 
Total  lung  capacity.  TLC  (L) 
Airways  resistance.  Rj„  (cm  H^O  •  L   s"' ) 
Specific  conductance.  SGj„  (L/cni  HiO   L 
Diffusing  capacity,  DLCO  (mL/min/torr) 


How  would  you  answer  these  questions? 

What  interpretation  do  you  place  on  the  results  of  the  pulmonary  function  tests?   


After        %  Change 


3.54  (101) 

3.31 

5 

3.03    (87) 

3.14 

4 

0.99    (34) 

0.96 

-3 

33         (40) 

31 

-6 

0.69    (21) 

0.67 

-3 

2.16    (37) 

2.55 

18 

IKS    (21) 

0.61 

-48 

(1.11      (2) 

0.15 

36 

0.20      (8) 

0.23 

15 

2.99(118) 

2.78 

-7 

1.55  (144) 

1.60 

3 

5.09  (112) 

4.92 

-3 

4,71  (332) 

5.24 

11 

0.05    (18) 

0.06 

20 

27.77  (105) 

If  further  testing  is  indicated,  what  other  tests  would  you  suggest? 


Answers  and  Discussion  on  page  746 
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Answers 

PFT  Interpretation:  Pulmonary  func- 
tion studies  (Table  I )  reveal  aiiflow  lim- 
itation and  elevated  residual  volume 
(RV).  No  significant  improvement  is 
seen  following  bronchodilator  admin- 
istration, and  resistance  of  the  airways 
(R;,„ )  is  markedly  increased.  The  dif- 
fusing capacity  (DLCO)  is  normal.  In 
Figure  1 ,  we  see  that  the  tracing  of  the 
expiratory  flow  at  50%  of  the  vital 
capacity  (FEFso'y)  is  flat,  both  before 
and  after  bronchcxlilator.  suggesting  col- 
lapse or  stenosis  oi'  the  large  intratho- 
racic airways. 

Further  Testing:  A  methacholine  chal- 
lenge test  would  establish  the  presence 
or  absence  of  bronchial  hyperactivity. 
If  the  methacholine  challenge  is  nega- 
tive and  in  light  of  the  abnonnal  flow- 
Mijumc  pattern,  tomography  of  the  tra- 
chea and  bronchoscopy  are  indicated. 

Discussion 

The  absence  of  a  bronchodilator 
response  is  somewhat  surprising  given 
the  patient's  asthma  history  and  med- 
ication regimen.  Failure  to  respond  to 
bronchodilator  administered  in  the  pul- 
monary function  laboratory  can  occur 
for  several  reasons.  One  common  rea- 
son is  that  the  patient  took  a  broncho- 
dilator prior  to  testing;  however,  our 
patient  had  withheld  all  medication  for 
the  appropriate  time  period.  Another 
reason  for  failure  to  respond  to  inhaled 
bronchodilator  in  the  laboratory  may  be 
that  not  enough  of  the  medication 
reaches  the  lower  airways.  The  inedi- 
cation  may  be  trapped  in  the  mouth  or 
iip[XM'  airway .  or  anatomic  variants,  such 
as  enlarged  tonsils  or  a  narrowing  of  the 
trachea,  may  interfere.  Physical  char- 
acteristics of  the  medications  (eg,  par- 
ticle size)  or  increased  turbulent  tlow 
can  reduce  deposition.  Another  possi- 
bility is  that  the  patient  or  technician 
administering  the  medication  has  dif- 
tlculty  coordinating  the  actuation  of  the 
inhaler  \\  ith  the  subject's  inspiration. 
However,  a  marked  increase  in  our 


patient's  heart  rate  following  admin- 
istration of  the  drug  w  as  documented, 
and,  therefore,  it  is  reasonable  to  con- 
clude that  enough  active  drug  did  reach 
the  lower  airways.' 

During  the  methacholine  challenge, 
a  dose  of  20  mg/niL  was  required  to 
evoke  the  PC:()FEV|  (a  20%  fall  in  the 
FEVi,  or  volume  expelled  during  the 
first  second  of  forced  exhalation) — a 
normal  response.  The  flow-volume  loop 
obtained  during  the  initial  spirometry 
revealed  an  unusual  expiratory  flow  pat- 
tern (Fig.  I ).  Not  only  is  the  FEFsnf/, 
completely  flattened,  but  the  FEF5n% 
before  and  after  bronchodilator  is  actu- 
ally lower  than  the  FEF75f;.  albeit  not 
by  much.  This  characteristic  pattem  sug- 
gests collapse  or  stenosis  of  the  large 
intrathoracic  airways.  Involvement  of 
the  large  airways  is  also  supported  by 
the  increase  in  R.^  seen  in  Table  1 . 

A  computed  tomogram  confirmed 
focal  narrowing  of  the  tracheal  lumen 
with  tracheal  wall  thickening  below  the 
vocal  cords,  associated  with  asymme- 
try of  the  subglottic  trachea.  Broncho- 
scopy revealed  that  the  cartilages  were 
markedly  deformed,  and  appeared 
fibrous.  Due  to  possible  cartilage  insta- 
bility, surgical  consultation  advised 
against  biopsy  of  the  airways.  Overall, 
these  findings  suggest  tracheomalacia. 

Based  on  these  findings,  the  patient 
was  diagnosed  with  relapsing  poly- 
chondritis, a  disorder  of  unknown  cause 
that  affects  hyaline  and  fibrocartilage  of 
the  respiratory  tract,  nose,  ears,  and 
joints.  Pathologic  findings  include  vac- 
uolization of  chondrocytes  and  destruc- 
tion of  cartilage  with  fibrous  replace- 
ment. Involvement  of  the  glottis,  trachea, 
and  major  bronchi  occurs  in  more  than 
.50'  f  of  patients  and  is  reported  to  be  the 
primary  cause  of  death.-  The  diagnosis 
of  polychondritis  is  often  made  in  con- 
junction with  the  appearance  of  bilat- 
eriil  auricular  chondritis,  which  can  give 
the  ears  a  "tloppy'  appearance.' 

Pulinonary  function  tests  often  show 
varying  degrees  of  expiratory  obstruc- 
tion, suggesting  that  the  major  airflow 
limitation  is  variable  and  is  occurring 
in  the  intrathoracic  airways.  The  abrupt 


decrea.se  in  flow  on  expiration  near  total 
lung  capacity  (TLC)  is  thought  to  repre- 
sent dynamic  intrathoracic  airways  com- 
pression caused  either  by  airway  col- 
lapse secondary  to  loss  of  cartilaginous 
supportive  tissue  from  inflammation  or 
by  fixed  narrowing  from  scar  tissue.'* 
Because  elastic  tissue  is  also  affected 
by  polychondritis,  lung  elastic  recoil  is 
often  reduced,  which  reduces  the  driv- 
ing force  and  results  in  decrea.sed  flow. 
Our  patient  demonstrated  a  relatively 
large  difference  in  the  volumes  for  slow 
vital  capacity  (SVC)  and  forced  vital 
capacity  (FVC).  With  the  FVC  maneu- 
ver, greater  airways  compression  and 
collapse  can  occur,  and,  therefore,  a 
smaller  volume  is  often  exhaled.  The 
difference  between  the  SVC  and  FVC 
which  is  easily  obtained  from  spiro- 
metric  results  can  be  used  as  a  surrogate 
index  of  airway  collapse.'' 

Available  evidence  suggests  that  an 
autoimmune  mechanism  is  involved  in 
the  pathogenesis  of  relapsing  poly- 
chondritis. Successful  treatment  often 
includes  immunosuppressive  agents, 
such  as  intravenous  methylprednisolone.*" 
However,  in  more  severe  cases  of  tra- 
cheal collapse  surgical  intervention  may 
be  required,  such  as  the  placement  of  a 
silicone  tracheal  prosthesis.^  Our  patient 
did  not  require  a  tracheal  prosthesis.  On 
completion  of  her  diagnostic  w  orkup  at 
this  institution,  the  prednisone  was 
tapered.  At  present,  she  is  being  followed 
by  the  referring  institution. 

In  summary,  spirometry  may  provide 
a  diagnosis  of  obstructive  lung  disease 
but  cannot  provide  enough  information 
tt)  pinpoint  a  specific  cause  of  obstruc- 
tion. In  this  case,  the  spirogram  show- 
ing a  flattened  expiratory  flow  sug- 
gesting intrathoracic  collapse.  Given  the 
relatively  young  age  of  our  patient  and 
the  absence  of  a  positive  smoking  his- 
tory, other  disea.ses  causing  airway  col- 
lapse (eg,  polychondritis)  needed  to  be 
considered.  This  case  is  a  good  exam- 
ple of  how  useful  the  simple  flow-vol- 
ume lcx)p  can  be  in  suggesting  a  possible 
diagnosis  in  obstructive  lung  disea.se. 
Yet.  it  is  surprising  how  infrequently  this 
simple  test  is  performed. 
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Clinical  Assessment  in  Respiratory  Care. 

Third  Hdition.  by  RL  Wilkins.  .SJ  Krider. 
and  RL  Sheldon.  Softcovcr.  400  pages.  206 
dluslralions  with  index.  .Si  Louis:  Mosby. 
1995,  $38.95. 

With  the  increasing  use  of  therapist- 
dnven  protix.'ols  ;uid  the  prolileration  ot  clin- 
ical practice  guidelines,  few  subjects  merit 
comprehensive  texts  of  their  own  as  much 
as  does  patient  assessment.  The  clinician's 
ability  to  adequately  evaluate  the  patient  is 
essential  to  the  successful  implementation 
of  protocols  and  to  the  application  of  assess- 
ment and  monitoring  sections  of  most  guide- 
lines. Appreciation  of  this  increasing  need 
for  assessment  skills  is  then  likely  to  bring 
many  students  and  current  respiratory  care 
practitioners  to  consider  this  te.xt.  The 
authors,  from  Lonia  Linda  University,  offer 
an  appealing  mix  of  perspectives;  a  respi- 
ratory therapy  educator,  a  clinical  dep;irtnient 
director,  and  a  clinical  professor  of  medicine. 
They  state  that  the  book  is  intended  for  stu- 
dents and  practitioners  in  respiratory  care; 
but  students  in  nursing,  medicine,  and  other 
health  professions  "will  find  this  text  help- 
ful if  they  are  to  care  for  patients  with  cardio- 
pulmonary disease." 

The  LS-chapier  text  is  divided  into  2 
major  sections:  Fundamentals  of  Patient  As- 
sessment and  Advanced  Assessment  Tech- 
niques. The  time-honored  backbones  of  pul- 
monary assessment  (physical  exam,  artenal 
bKxKl  gas  analysis,  chest  nuliograph.  and  ptil- 
nK)nar>  function  tests)  appeal'  in  the  tirst  sec- 
tion; while  the  more  specialized  assessments 
(such  as  henitxlynamic  monitoring  and  eval- 
uation of  breathing  during  sleep)  and  assess- 
ments of  special  ptipulations  (eg.  patients  for 
home  care  and  pulmonary  rehabilitation) 
appear  in  the  second.  However,  what  makes 
one  group  of  assessments  more  "advanced" 
than  the  other  is  not  easilv  determined.  The 
differentiation  may  stem  more  from  where 
these  assessments  appear  in  the  typical  pro- 
gram curriculum  than  from  anything  else. 
In  any  case,  both  sections  ha\e  been  revised 
for  the  third  edition  \\  Itli  4  new  chapters.  File 
new  chapter  entitled  "Preparing  for  the 
Patient  Encounter"  and  the  one  about  vital 


signs  are  good  expansions  on  the  traditional 

histor>'  and  physical  examination  processes. 
Two  of  the  new  chapters  covering  assess- 
ment of  the  home  care  patient  and  pulmoniuy 
rehabilitation  appear,  however,  to  lack  the 
degree  of  detail  one  comes  to  expect  Ironi 
reading  the  other  chapters  in  the  book. 

Tlie  60-page  comiianion  Quick  Reference 
Guide  that  comes  with  the  text  is  intended 
as  a  supplement  to,  not  a  substitute  for,  the 
infomiation  presented  in  the  parent  text.  As 
such,  it  is  a  pocket-size  collection  of  nonnal 
values,  definitions  of  terms  used  in  respi- 
ratory care  assessments,  and  concise  reviews 
of  common  cardiorespiratory  diseases.  I 
tound  this  pocket-reference  supplement  a 
supportive  le;iming  tool  and  ;ui  improvement 
over  the  many  other  clinical  'pocket  guides' 
that  have  come  and  gone  in  our  Held.  This 
guide  is  not  only  full  of  useful  material,  but 
it  also  follows  the  same  format  as  the  par- 
ent text  to  which  the  leitnier  may  easily  refer 
for  explanation  and  detail. 

The  chapters  in  the  parent  text  are  well 
illustrated  with  draw ings  that  clarify  tlie  func- 
tions of  physiology  and  pathopliysiology  tliat 
are  being  evaluated.  The  chapters,  "Bedside 
Interpretations  of  Electrocardiogram  Trac- 
ings" and  "Invasively  Monitored  Hemo- 
dynamic Pressures,"  exhibit  the  good  use  of 
design  and  illustration.  The  book  also  con- 
tains helpful  illustrations  that  explain  how 
Ihe  technology  of  assessment  works.  From 
things  as  simple  as  a  chest  drainage  system 
or  a  stopcock,  to  things  as  complex  as  a 
hemodynamic  monitoring  set  up.  drawings 
are  used  to  explain  the  interface  between 
patient  and  monitor  and  how  the  monitor- 
ing dev  ice  performs  its  function. 

The  text  is  generally  well  written  and 
understandable.  I  have  used  this  edition  of 
the  text  with  2  classes  of  baccalaureate  res- 
piratorv  care  students  and  have  already  re- 
ceived several  (lositive  comments  abtiut  ckir- 
ity  and  usefulness  of  the  text.  Organization 
of  the  chapters  is  made  clear  by  the  inclu- 
sion of  chapter  outlines,  overviews  and  ref- 
erences, and  a  liberal  use  of  headings.  The 
chapters  are  'leamer-fnendlv '  w  ith  learning 
objectives  at  the  beginning  and  rev  iew  ques- 
tions appearing  at  the  end  of  each  chapter. 


The  objectives  are  specific  and  would  be  use- 
fiil  in  determining  how  successful  one's  read- 
ing has  been.  .An  examination  of  the  review 
questions  reveals  that  many  of  them,  like 
most  of  the  assessments  we  use  in  formal 
education,  are  at  the  recall  level. 

To  prepare  the  practitioner  to  perfomi  the 
assessment  process  and  to  gain  sutficient 
knowledge  of  the  subject,  the  addition  of  case 
studies  and  practice  evaluations  tliroughout 
would  improve  the  text,  A  reasonable  im- 
provement for  a  fourth  edition  would  be  to 
require,  at  least  once  in  each  chapter,  that  the 
reader  analyze  appropriate  assessment  data 
in  case  studies  and  draw  appropriate  general 
conclusions  or  make  patient  care  decisions. 

In  summ;iry,  this  reviewer  finds  the  tliird 
edition  of  this  work  to  be  a  satisfactory 
expansion  of  a  sound  text  about  an  increas- 
ingly important  subject.  The  addition  of  new 
chapters  and  the  Quick  Reference  Guide  are 
helpful.  Most  of  the  chapters  are  well  writ- 
ten with  considerable  detail,  supportive 
charts,  graphs,  and  line  drawings.  With  the 
increasing  emphasis  on  patient  assessment, 
the  graduate  practitioner  is  likely  to  find  this 
text  helpful  to  refresh  and  enlarge  the  eval- 
uation skills  that  mav  have  previously  been 
underutilized  in  the  work  setting. 

Phillip  U  Hoberty  Edl)  RRT 

Assistant  Professor  and 

Director  of  Clinical  Education 

Respiratory  Therapy  Division 

The  Ohio  State  University 

Columbus,  Ohio 


Rronkie.  the  Bronchiasaunis  for  the  Super 
Nintendo  Entertainment  System,*  1991. 
$69.95. 

Bronkie  is  a  two-player.  Super  Nintendo 
action/adventure  game.  Bronkie  and  his 
friends.  Trakie.  Sam.  and  K>  la.  live  in  San 
Saurian  where  meteors  have  struck,  stirring 
up  clouds  of  trouble.  The  object  of  the  game 
is  to  help  Bronkie  and  his  friends  collect  the 
parts  to  a  wind  machine  that  will  rid  their 
world  of  astlima  tiiggers  such  as  dusu  cigarette 
smoke,  smoke,  allergens,  and  cold  germs. 
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During  the  game,  the  player  must  help 
Bronkie  and  his  friends  collect  inhalers  to 
keep  them  well  and  to  replenish  their  health. 
Each  player  has  a  peak  flow  meter  at  the 
beginning  of  the  game.  (The  player  has  to 
push  a  button  on  the  control  pad  to  bring  up 
the  screen  with  the  peak  flow  meter  on  it.) 
The  peak  flow  meter  shows  how  healthy  the 
player  is.  Players  must  use  their  peak  flow 
meters,  take  their  medications,  and  follow 
their  health-care  providers'  directions  every 
day.  If  they  do  not,  the  San  Saurian  world 
slowly  becomes  a  blank  screen.  Correct 
answers  to  questions  related  to  asthma  will 
help  the  player  progress  furtlier  into  the  game 
or  collect  machine  parts. 

The  game  also  provides  asthma  tips.  One 


of  the  tips  given  in  the  game  is:  If  you  start 
to  have  asthma  early  warning  signs,  you 
should  tell  your  parent  immediately.  This 
is  a  great  tip  for  a  kid  who  would  benefit 
from  the  help  of  a  parent;  but  for  a  teenager 
or  an  adult  who  has  dealt  with  asthma  for 
a  long  time,  it  may  not  help.  1  think  that 
some  of  the  tips  could  really  be  helpful  to 
10,  1 1.  or  12  year  olds.  But,  1  also  think  that 
the  tips  and  questions  could  be  too  easy  for 
some  people  who  have  had  asthma  for  a 
long  time. 

I  think  that  this  game  is  a  fun  way  for 
kids  to  learn  about  asthma  just  because  it's 
a  video  game,  and  video  games  are  inter- 
esting to  most  kids.  But  in  comparison  to 
the  other  Super  Nintendo  games  I've  been 


playing,  the  graphics  and  the  sound  in 
Bronkie  are  only  fair. 

Jared  Knuuf 

The  Colony  High  School 
The  Colony,  Texas 

Editor's  Note:  Respiratory  care  practitioners 
who  are  teaching  their  new  patients  about 
astlima  might  find  it  interesting  that  the  game 
has  endorsements  from  the  American 
Academy  of  Pediatrics  and  the  Asthma  and 
Allergy  Foundation  of  America. 


♦Available  from  Rayasyslems™,  2570  West  El 
Camino  Real,  Suite  .W9,  Mountain  View  CA 
94040,(41.5)949-3933. 


Understand. 

Adapt. 

Prosper! 


42"''  International  Convention  &  Exhibition 
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An  Approach  to 
Patient  Classification 

In  an  editorial  in  the  June  issue  of  the 
Journal.'  Mr  Giordano  expounds  on  how 
we  as  a  profession  should  place  our  patients 
who  are  receiving  aerosol  therapy  into  one 
of  two  groups — Category  A  patients  whose 
condition  requires  that  a  respiratory  care 
practitioner  (RCP)  be  present  throughout 
their  aerosol  treatinent  and  Category  B 
patients  who  after  appropriate  instruction 
and  assessment  by  an  RCP  can  self-admin- 
ister their  aerosol.  We  are  not  sure  that  we 
as  a  profession  should  be  as  dogmatic  as 
Giordano  proposes. 

We  do  believe  that  the  salient  points 
here  are  consultation,  follow-up,  and  eval- 
uation of  the  patient.  If  we  can  transition 
patients  from  aerosol  treatments  via  small 
volume  nebulizer  to  metered  dose  inhaler 
(MDl)  facilitated  by  patient-driven  pro- 
tocol, then  we  should  do  so.  A  number  of 
papers  have  established  the  equivalence  or 
superiority  of  MDls  for  medication  admin- 
istration.- •" 

A  quandary  may  develop  when  patients 
who  are  using  compressor-nebulizers  at 
home  must  enter  the  hospital.  If  the  physi- 
cian has  determined  that  a  patient  benefits 
from  conventional  home  therapy,  are  we 
questioning  the  physician's  judgment  if  we 
change  the  patient  to  an  MDl  when  he  or  she 
enters  the  acute  care  hospital'.'  It  is  this  patient 
whom  we  believe  should  be  considered  for 
self-administration — but  only  within  care- 
fully formulated  guidelines.  By  no  means 
should  we  relinquish  the  patient  altogether. 
If  we  stop  seeing  the  patient,  we  fail  to 
address  the  fact  that  the  patient's  condition 
can  change  and  that  ongoing  monitoring  and 
assessment  are  still  necessary, 

Oneof  us(BB),  one  of  the  first  per  diem 
therapists  at  Holmes  Regional  Medical  Cen- 
ter and  an  instructor  at  Brevard  Community 
College,  was  the  first  to  propose  that  the 
Medical  Center  use  compressor-nebulizers 
in  patients'  rooms  and  allow  patients  who 
are  normally  on  home  aerosol  therapy  to  self- 
administer  their  medication.  The  logistics 
and  implementation  of  this  program  were 
worked  out  by  the  Respiratory  Care  Depart- 
ment's Manager  (JF)  with  input  from  the 
Department's  staff.  The  solution  devised  was 


this:  The  RCPs  identify  patients  who  are  on 
home  nebulizer  therapy.  The  patients  are 
assessed  for  proper  frequency  of  medication 
administration  and,  if  needed,  additional  treat- 
ment is  suggested  to  stabilize  the  patient's 
condition.  If  it  is  determined  that  the  patient 
requires  only  aerosol  therapy,  a  compressor- 
nebulizer  is  placed  at  the  bedside.  The  RCP 
is  required  to  perform  a  full  evaluation  of  that 
patient  once  a  shift.  During  that  assessment, 
the  RCP  remains  with  the  patient  for  the 
durauon  of  the  treatment.  Based  on  the  shift- 
to-shift  assessment  made  by  the  RCP,  a  deci- 
sion is  made  to  advance  the  patient  to  self- 
administration  procedures.  When  it  is  time 
for  the  next  treatment — scheduled  or  on  as 
needed,  pm,  request — a  self-administered 
treatment  is  arranged.  The  RCP  goes  to  the 
patient's  room,  fills  the  prescnbed  medication 
into  the  nebulizer  cup,  and.  follow  ing  a  bnef 
visual  assessment  that  assures  that  the  patient 
is  stable  and  that  his  or  her  condition  has  not 
changed  markedly,  leaves  the  room.  The  doc- 
umentation for  self-administered  therapy 
reads  like  this:  "Nebulizer  filled  with  med- 
ication (name  and  dose)  for  self-adminis- 
tration." This  requires  only  a  few  minutes, 
and  the  time  saved  in  each  of  the  subsequent 
self-administered  treatments  allows  the  RCP 
to  spend  more  time  with  the  patient  whose 
condition  requires  that  the  RCP  remain 
throughout  the  treatment — Giordano's  Cat- 
egory A  patient. 

We  emphasize  that  patient  education  is 
an  important  part  of  this  process,  and  rein- 
forcement and  instruction  are  provided 
throughout  the  full  assessment.  We  believe 
that  this  plan  encourages  the  partnership 
between  patient  and  RCP  to  maximize  the 
quality  of  care.  In  health  care  today,  we  must 
do  more  with  less  but  we  also  must  not  aban- 
don our  patients.  We  are  convinced  that  the 
future  of  respiratory  care  rests  on  the  RCP's 
ability  to  assess  patients  and  to  determine 
their  respiratory  needs.  We  must  come  up 
with  creative  solutions  that  can  optimize  our 
use  of  time  and  allow  us  to  be  flexible 
enough  to  meet  patient  needs. 

Bruce  Brown  BS  RRT 

Director 

Clinical  Respiratory  Care  Program 

Brevard  Community  College 

Cocoa.  Florida 


Jeff  Fraser  RRT 

Manager 

Respiratory  Care  Department 

Holmes  Regional  Medical  Center 

Melbourne.  Florida 
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Mr  Giordano  responds: 

I  can  see  from  your  letter  that  we  are  "on 
the  same  page'  with  regard  to  appropriate 
utilization  of  respiratory  care  services  and 
respiratory  care  practitioners.  You  correctly 
point  out  in  your  letter  that  "the  salient  point 
here  is  consultation,  follow-up.  and  evalu- 
ation of  the  patient  receiving  therapy,"  I 
would  rather  see  qualified  respiratory  care 
pracutioners  (RCPs)  perfomi  these  functions 
than  unqualified  substitutes. 

We  all  agree  that  RCPs  should  be 
involved  with  all  patients  who  are  receiv- 
ing respiratory  care  clinical  interventions, 
I  have  pointed  out  a  way  to  do  that  while  rec- 
ognizing that  ncit  all  patients  require  the  same 
commitment  of  RCP  time — given  the  abil- 
ity of  some  patients  to  self  administer.  In  my 
editorial.  I  did  not  advocate  abandoning 
patients,  .As  you  may  recall,  I  identified 
among  odier  things  the  role  of  the  RCP  w  ith 
regard  to  patients  who  can  self-administer 
and  described  the  RCP's  role  as  "The  res- 
piratory care  practitioner  monitors  the 
patient's  self-treatment,  offers  tips  regard- 
ing technique,  and.  of  course,  performs  daily 
assessments  of  the  patient's  condition  and 
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the  appropriateness  of  the  respiratoi^  care 
order."  If  the  foregoing  statement  has  some- 
how been  confused  with  "abandoning"  the 
patient,  then  please  accept  my  attempt  to  clar- 
ify. I  believe  that  if  we  do  not  undertake  the 
development  of  programs  to  'downshift" 
patients,  we  will  lose  control  of  these  patients 
because  the  responsibilit)  w  ill  be  taken  from 
us  by  top  decision  makers. 

In  your  letter,  you  make  reference  to  tran- 
sitioning patients  to  metered-dose  inhalers 
(MDIs)  from  small  volume  nebulizers.  No- 


where in  my  editorial  did  I  advance  that  idea. 
I  believe  that  establishing  a  program  that 
allows  classification  of  patients  according 
to  their  need  for  the  services  of  the  RCP  is 
a  solid  step  towards  rendering  appropriate 
care  of  optimal  quality  while  keeping  an  eye 
on  costs.  Such  an  approach  should  not  be 
limited  to  one  particular  type  of  therapy. 
What  should  drive  the  decision  regarding  a 
patient  classification  system  in  this  instance 
is  the  patient's  ability — or  lack  thereof — to 
self-administer  effectively,  based  on  assess- 


ment perfonned  by  an  RCP. 

I  was  delighted  to  learn  from  your  letter 
that  you  have  .set  up  a  program  that  recognizes 
the  differences  among  respiratory  care  patients. 
1  hope  that  you  will  collect  data  related  to  the 
program  and  publish  that  data  so  that  others 
can  profit  from  your  experiences. 

Sam  P  Giordano  MBA  RRT 

E.xecutive  Director 

American  Association  for  Respiratory  Care 

Dallas,  Texas 


^V  Convey  . 


November  3-6,  1996,  Sunday- Wednesday 
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Retrospectroscope 


Publisher's  Dawdle:  An  Incurable  Disease? 


Like  most  penple  w  ho  complain  about  the  weather,  most 
scientists  complain  akuit  long  delays  in  publication,  but  tew 
if  any  do  anything  about  it.  Roland  and  Kirkpatiick  ( 1 )  di\  ided 
into  eight  components  the  period  between  authors"  hypothe- 
ses (conception  of  the  idea)  and  date  of  publication  of  their 
manuscripts  and  determined  the  time  required  for  each  com- 
ponent. For  papers  dealing  w  ith  laboratory  or  clinical  in\'es- 
tigation.  the  totid  time  wils  about  four  yeai\.  Tlie  time  for  re\  iew 
and  decision-making  by  the  editors  of  journals  was  a  little  more 
than  1  1/2  months,  for  revision  by  authors  about  .^  months, 
and  for  the  mechanics  of  publication  (after  final  acceptance 
of  a  manuscript)  about  .">  1/2  months;  the  total  time  for  "get- 
ting it  published."  once  the  manuscript  was  finished,  was  thus 
about  10  months. 

It's  the  figure  of  .'^  1/2  months,  the  mechanics  of  publishing, 
that  pu/'zles  me.  .Some  editors  take  the  position  that  since  the 
process  of  research  and  writing  a  manuscript  may  take  a  year 
or  two.  why  fuss  about  speeding  up  the  mechanical  process 
of  publication  by  4  to  .^  months'^  But  slow  publication  is  an 
anachronism  in  the  modern  era  of  electronics  and  comput- 
ers which  have  re\'olutioiiized  not  onls  the  speed  of  making 
scientific  measurements  but  also  the  process  of  printing  and 
ie|iroduction.  A  .Sunday  newspaper,  one  almost  too  heavy  to 
lift,  can  be  put  together  once  a  week.  In  some  of  its  sections, 
it  includes  news  that  is  only  a  few  hours  old  and  readers  would 
scream  if  the  "news"  was  any  older.  But  a  scientific  journal, 
about  1/.^  the  weight,  takes  .^  1/2  months  for  the  purely  mechan- 
ical tasks  of  copy  editing,  tvpesetting.  proofreading,  print- 
ing, and  binding! 

It  has  not  always  been  so.  If  we  look  way  back  through  the 
Retixis|iectroscope  into  the  se\enteenth  century .  we  see  that 
the  editor  of  Pliilosopliiccil  Tninsdciic^iis  el  ilw  Roxcil  Soci- 
ety stopped  the  press  to  publish  Robert  lldokc's  experiments 
(2)  pnning  that  motion  of  the  lungs  and  tliorax  was  not  essen- 
tial to  life  as  long  as  fresh  air  reached  the  aUcoli;  he  accom- 
plished alvetilar  \cnlilatioii  without  motion  of  the  thorax  or 
lungs  b\  pricking  main  spots  on  the  outer  surface  ot  the  lungs 
with  a  sharp,  pointed  knife  and  then  blowing  a  steady  tlow 


Reprinted  witti  permission  of  the  .American  Lung  Association,  from  Am 
Rc\  RespirDis  1977;ll.'i:1.1|-1.^4. 


of  air  through  the  trachea,  bronchioles,  and  abeoli.  out  to  the 
sunounding  air.  The  editor's  explanation  is  reproduced  in  fig- 
ure I ;  in  it.  he  notes  that  the  experiment  had  been  repeated 
as  a  demonstration  before  a  public  assembly,  and  that  this  ob\  i- 
ously  constituted  satisfactory  editorial  re\  icw .  The  reception 
must  have  wairanted  instant  publication  and.  since  the  indus- 
trial, electrical,  and  electronic  re\ olutions  and  the  U.  S.  Postal 
Serv ice  had  not  vet  been  invented,  instant  publication  seems 
to  ha\e  been  a  fairly  simple  matter. 

Jn  Account 
of  in  Expenmnt  mtuie  Ly  /f.Hook,  cf  Prefer-ving  Animch  alive 
tj  Blowing  threughlbtir  Lungi  tvitb  Bellows. 

"Xkh  NM  Zrfcrimtnt  c*mt  not  to  thr  Publidier's  haniii,  nil  ill  tht  frfce- 
dittg  PartiCHlari  vm  Already ftm  totht  Prtfi,*«d alm'ji  til  Pnnied<ff',  (fir 
which  ctnfc  tlfo  it  could  not  hi  mrniioncdnmcng  tht  Cot)lct\ti:)  And  it  might  h.ne 
hcirr/craed  forlht  ncrl  ifjurtHniry,  had  mt  tht  ccnfidrrablrnrfj  thereof  iern  a 
moinr  toh-^jien  us  PMicaii.n.  It  Jhall  he  here  iin,i,xed  in  iht  IrueKiom  Au- 
ttior  hii  oWn  mrdi,  ai  he  prefcnted  it  to  the  Royal  Sotirty  ,  OAob.  H  J667. 
the  Experimenru  fell  having  hem  t>Oth  repeated  y^iir  a  former  fuccefifnl  trial  of 
it,  made  hj  the  fame  hand  a  good  tvhilt  agot )  ini  improved  the  wifk^itftre,  at 
thiir  pubHck  Affembly.    The  Relation  it  felffollowes  ■, 

Fii;urc  I 


In  the  nineteenth  century,  the  Retrospectroscope  shows  that 
Roentgen's  experiments  on  X-rays  were  published  within 
weeks  of  the  completed  observations  (3).  No  one  knows  when 
Roentgen  completed  the  experiments  reported  in  his  Decem- 
ber 28.  1895  paper  but  he  presumably  made  his  first  obser- 
\atit>n  on  November  8,  1895.  He  then  proceeded,  to  be  sure 
that  these  were  indeed  pre\ iously  unknown  rays,  to  study  the 
effect  of  various  metals  of  different  thicknesses  on  the  pas- 
sage of  X-rays  and  to  determine  w  hether  the  rays  could  be 
refracted,  reflected,  condensed,  or  dctlected  by  strong  mag- 
netic fields.  These  experiments,  and  his  writing  a  ten-page 
paper,  must  have  taken  him  until  mid-December.  Whether  the 
Sli:iiiii;.shcriiliic  for  December  1895  was  actually  published 
in  late  December  or  the  first  week  in  Januan  1 896.  we  do  not 
know.  But.  lor  certain.  Roentgen  had  reprints  (or  preprints) 
before  .lanuarx  1 .  and.  for  certain,  a  complete  English  trans- 
lation appeared  in  Naliire  in  its  Januan'  2.3.  1896  issue,  crossed 
the  Atlantic,  and  was  reprinted  in  Science  in  its  February  14 
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issue.  Incidentally,  none  of  the  three  editors  bothered  to  com- 
ment on  the  speed  of  publication  in  German.  English,  or  Amer- 
ican journals. 

The  world's  record,  however,  was  probably  made  in  that 
same  year  by  Thomas  Cullen  in  Baltimore  for  his  paper.  "A 
rapid  method  of  making  permanent  specimens  from  frozen 
sections  b>  the  use  of  formalin.""  which  appeared  in  the  Jolins 
Hopkins  Hospital  Biilleiin  in  1895  (vol.  6.  p.  67).  According 
to  Cullen.  as  reported  by  Harvey  (4): 

I  tested  the  formalin  method  I  had  worked  out  on  every 
sort  of  tissue  and  in  every  way  I  could  think  of  Then 
I  went  upstairs  shov\ing  one  of  m>'  sections  to  Dr.  Welch 
and  told  him  hov\  I  had  hardened  it  and  how  long  it  had 
taken  me.  He  looked  at  it  and  listened.  Then  he  handed 
me  a  piece  of  tissue  . . .  "Take  this  and  prepare  it  your 
way.""  he  said.  "If  you  make  me  a  satisfactory  speci- 
men. I  will  be  convinced.""  I  took  the  tissue  and  made 
a  specimen  and  brought  it  back.  Popsy  looked  at  it. 
looked  at  his  watch  and  said.  "Publish  it."  So  I  did.  I 
w  rote  up  the  method  and  took  my  paper  to  Dr.  Hurd. 
who  was  then  editor  of  The  Johns  Hopkins  Hospital 
Bulletin,  the  same  night,  but  it  was  nearly  too  late.  Dr. 
Hurd  said  he  w  as  sony  but  the  last  copy  for  the  next 
issue  of  the  Bulletin  had  gone  to  the  printer  and  mine 
would  have  to  wait  a  month.  I  was  going  away  on  that 
comment,  but  he  called  me  back  and  asked  me  how 
much  space  I  would  need  to  describe  my  hardening 
method.  I  said  half  a  page,  and  he  said  "go  ahead  and 
write  it  then.'"  "It"s  written.'"  I  said,  and  gave  it  to  him 
and  it  was  in  print  in  the  Bulletin  two  days  later. 


At  the  beginning  of  this  century.  Dr.  L.  L.  Hill  of  Birm- 
ingham. Alabama,  performed  the  first  successful  operation 
on  a  heart  in  America:  he  sutured  a  stab  wound  in  the  heart 
of  a  13-year-old  boy.*  Dr.  Hill  operated  on  September  14.  1902 
and  kept  his  patient  in  the  hospital  until  at  least  early  Octo- 
ber. His  report  related  not  only  this  experience  but  included 
a  scholarly  review  of  the  world"s  literature  on  wounds  of  the 
heart  and  their  management.  He  had  previously  reported  on 
1 7  such  cases  but  brought  his  list  up  to  ?>9  repoils  that  had  been 
published  in  at  least  four  foreign  language  joumals.  Tliis  (while 
still  attending  to  a  busy  practice)  must  have  taken  him  into 
November.  Yet  his  article  was  published  in  an  Ameiican  med- 
ical journal  on  November  29.  1902  (5). 

In  1922.  Schofield"s  discovery  that  hemoiThagic  disease 
in  cattle  was  caused  by  their  munching  on  moldy  sweet  clover 
(and  that  plasma  prothrombin  was  greatly  decreased  in  these 
diseased  animals)  was  published  so  quickly  that  Schofield  felt 
compelled  to  write  an  apology  as  his  final  paragraph  (6): 


This  paper  has  been  written  verv  hurriedly  as  the  edi- 
tor was  Insistent  that  it  appear  in  this  issue.  I  there- 
fore ask  the  readers  to  be  lenicnl  in  their  criticism, 
not  of  the  contents,  but  of  the  arrangement  of  the  mate- 
rial presented. 

Looking  backward  only  6  to  7  years,  on  January  30,  1970. 
Science  published  its  "'Moon  Issue""  (7).  It  brought  together 
in  one  issue  144  scientific  articles  dealing  with  the  scientific 
aspects  of  the  first  scientific  exploration  of  the  surface  of  the 
moon.  The  total  time  from  receipt  of  the  authors"  manuscripts 
to  mailing  the  completed  journal  was  24  days!  Science  mag- 
azine was  not  shy  in  reporting  its  achie\ ement  in  rapid  pub- 
lication of  scientific  reports:  it  presented  in  tabular  form  each 
step  in  the  process  and  how  long  it  took  (table  1 )  (8). 

Table  1 .    Dates  of  Start  and  Finish  of  Each  Step  in  the 

Publication  of  the  Apollo  1 1  Lunar  Science  Conference 
Issue  of  Science 


Step 


Dates 


*Dr.  Hill  is  also  remembered  as  tlie  father  of  Senator  Lister  Hill,  long  a 
supporter  of  the  National  Institutes  of  Health  and  the  National  Librar>  of 
Medicine. 


Receipt  of  manuscripts  from  authors  4-7  January 

Reviewing  of  manuscripts  4-8  January 

Authors'  responses  to  reviews  5-8  January 

Style  editing  and  marking  for  printer  5-12  January 

Redrafting  and  relettering  illustrations  5-12  January 

Authors'  responses  to  style  editing  5-23  January 

Preparation  of  engravings  8-22  January 

Typesetting  9-19  January 

Proofreading  of  galley  proofs  10-19  January 

Paste-up  of  page  dummies  1 3-20  January 
Correction  of  galleys  and  makeup  of  pages         13-21  January 

Proofreading  of  page  proofs  1 7-24  January 

Correction  of  pages  20-26  January 

Proofreading  of  revised  page  proofs  21  -27  January 

Printing  23-28  January 

Binding  28-30  January 

Mailing  28-31  January 


This  table  is  wonderfully  informative:  first,  it  shows  each 
step  in  the  process  between  receiving  manuscripts  and  mail- 
ing them,  professionally  edited  and  printed  in  a  journal,  to 
150,000  subscribers;  and  second,  it  shows  how  little  time  is 
really  needed  when  someone  makes  up  his  or  her  mind  to 
accord  scientific  articles  the  treatment  regularly  given  by  the 
daily  press  to  murder,  rape,  war,  and  football  games. 

Once  it  demonstrated  that  it  could  be  done,  did  Science  con- 
tinue to  publish  at  this  fast  pace''  Except  for  the  staff  of  Sci- 
ence and  indi\  idual  contiibutors  w  ho  keep  logs,  no  one  knows; 
I  would  guess  that  for  some  individual  aiticles  or  letters  it  does 
publish  quickly  but  that  for  most  it  does  not. 

Turning  the  Retrospectroscope  into  my  own  closed  files, 
I  learned  that  in  late  1965,  the  Publications  Committee  of  the 
American  Heart  Association  asked  me  to  be  editor  of  Cir- 
culation  Research  for  a  5-year  temi.  I  checked  the  time  required 
for  publication  of  accepted  articles  and  found  that  it  was  about 
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6  months.  I  then  asked  the  editor  of  Procecclin^s  of  the  National 
Academy  of  Sciences  for  her  pubhcation  schedule  and  learned 
that  it  was  6  weeks.  So  my  answer  was  easy:  "\f  Circulation 
Research  can  match  the  publication  schedule  of  PNAS.  Td 
like  to  take  the  job."  The  Publications  Committee  arranged 
a  meeting  for  me  with  the  publisher,  printer,  and  engraver, 
at  which  I  asked.  "Can  you  put  the  printed  journal  in  the  mail 
6  weeks  after  you  get  the  last  manuscript  for  it?"  The  answer 
came  back  immediately — "Sure."  Taken  by  surprise,  I  asked, 
"Then  why  do  you  now  take  6  months'.'"  TTie  iinswer  was  even 
more  amazing — "No  one  ever  asked  us  to  do  it  in  6  weeks." 
"Will  it  cost  more?"  "No,"  So  I  signed  an  agreement  with  the 
American  Heart  Association;  paragraph  12  stated; 

It  is  understood  that  the  Editor  is  vitally  concemed  with 
reducing  the  time  between  acceptance  of  a  manuscript 
and  its  publication.  The  Association  agrees  to  coop- 
erate with  the  Editor  to  reduce  this  span  and  to  pay  for 
reasonable  editorial  staff  required  to  meet  the  Editor's 
goal.  It  is  further  understood  that  if  the  Association  is 
unable  to  meet  the  Editor's  requirements  on  this  point 
the  Editor's  term  will  conclude  as  of  the  December. 
1967  issue  upon  notice  given  by  him  to  the  Publica- 
tions Committee  no  later  than  January  1,  1967. 

I  never  gave  notice  to  the  Committee  because  for  the  ne.xt  5 
years,  with  minor  exceptions,  all  articles  accepted  by  the  first 
of  one  month  were  in  a  bound  journal  in  the  mails  on  the  l?th 
of  the  next  month. ^ 

Speedy  publication  has  many  advantages.  Obviously,  it 
speeds  proper  announcements  of  new  advances  of  importance 
to  physicians  (and  to  their  patients)  and  to  other  scientists; 
it  speeds  publication  of  accurate  accounts  of  other  observa- 
tions, less  dramatic  in  themselves,  but  vitally  important  to  the 
work  of  other  scientists,  possibly  in  unrelated  fields;  it  could 
put  an  end  to  first  announcement  of  "breakthroughs"  in  the 
"throw-away"  medical  journals,  newspapers,  and  newsweek- 
lies;  and  it  might  improve  the  quality  of  science  by  rechan- 
neling  scientific  reports  back  into  carefully  edited  journals 
and  away  from  "quickie"  journals  that  photograph  and  pub- 
lish unreviewed.  unrevised,  unedited  typewritten  reports. 

How  are  some  heart  and  lung  journals  doing  in  1976? 
Here  are  some  figures  for  6  journals  during  a  3-month  period 
(table  2). 

In  their  1975  article,  Roland  and  Kirkpatrick  ( I )  divided 
the  total  time  lapse  between  conception  of  the  idea  and  final 
publication  into  eight  components:  planning  time,  research  time, 
writing  time,  unexplained  author  delays,  time  for  institutional 


Table  2.    Time  between  Date  of  Acceptance  of  Ivlanuscript  and 
Date  of  Publication  of  Journal 


Journal 

No.  of 

Average  Lag" 

Articles 

(months) 

Journal  of  Clinical  Investigations 

(concise  articles) 

2 

2.0 

American  Review  of  Respiratory 

Disease 

47 

3.2 

Circulation  Research 

57 

3.9 

Respiration  Physiology 

33 

39 

Journal  of  Clinical  Investigation 

(full  articles) 

84 

4.2 

Circulation 

68 

4.4 

Chest 

32 

5.3 

"These  figures  were  calculated  from  the  following  data  in  each  issue:  Day 
#1  of  the  month  pnnted  on  the  journal's  cover,  and  "date  accepted,"  usually 
pnnted  at  the  bottom  of  page  1  of  each  article  m  that  issue.  This  calculation 
gives  the  minimal  \ag  because  (a)  the  official  date  of  publication  and  mailing 
of  a  journal  may  be  mid-  or  end-month  and  not  day  #1 ;  (b)  journals  labeled 
October  may  actually  be  published  later,  even  in  the  next  month;  and  (c)  no 
allowance  is  made  for  the  weeks  (?)  that  the  journal  is  in  the  hands  of  the 
LIS,  Postal  "Service," 


editing,  time  for  journal  handling,  revision  time,  and  time  for 
publication.  Tve  never  believed  that  one  should  hurry  poorly 
conceived  and  badly  done  research  through  the  planning  and 
working  stage  and  rush  it  off  to  an  editor,  1  Jo  believe  that  well- 
done  work,  accepted  by  critical  reviewers,  deserves  as  rapid 
publication  as  the  funny  papers.  A  lot  of  patients  could  die  in 
a  .5  1/2  month  period  between  acceptance  of  the  first  paper  on 
penicillin  or  sulfanilamide  and  its  publication.  Isn't  it  time  that 
we  catch  up  with  the  1667  schedule  of  the  Royal  Society? 


tTo  keep  everything  honcsl.  a  "six-week"  lag  between  accepting  and 
publishing  a  manuscript  in  a  monthly  journal  is  six  weeks  only  for  those 
accepted  near  the  monthly  deadline;  it's  ten  weeks  for  those  that  just 
missed  the  last  deadline  and  so  an  average  figure  of  eight  weeks  is  about 
right.  For  a  weekly  publication,  this  range  in  lags  would  not  apply. 


Julius  H.  Comroe,  ,Ir. 
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We  are  delighted  to  bring  you  the  seventh  edition  of  CRCE  through  the  Jour- 
nal, a  program  for  AARC  members  to  gain  credit  for  continuing  education  by  care- 
ful reading,  thoughtful  study,  and  test  completion.  The  acceptance  of  these  credits 
for  the  fulfillment  of  license-mandated  continuing  education  is  dictated  solely  by  the 
licensure  law  of  each  individual  state. 

This  year,  we  are  indebted  to  the  efforts  of  Crystal  Dunlevy  EdD  RRT,*  F  Her- 
bert Douce  MS  RRT.  and  Phillip  D  Hoberty  EdD  RRT.  who  authored  the  test.  This 
50-item  multiple-choice  examination  is  based  on  papers  published  in  RESPIRATORY 
Care  from  July  1995  through  June  1996.  The  issue  and  page  numbers  of  the  paper 
on  which  a  question  is  based  are  shown  in  brackets  following  the  question.  You  are 
free  to  consult  the  cited  paper  as  you  complete  the  answer  sheet.  However,  we  encour- 
age you  to  read  the  paper  in  its  entirety  before  answering  the  questions.  Then,  choose 
the  single  most-correct  answer,  and  carefully  mark  the  answer  sheet,  which  is  located 
at  the  back  of  this  issue  following  page  776.  Remember  CRCE  through  the  Jour- 
nal is  an  honor  system,  and  the  benefits  you  derive  are  directly  proportional  to  the 
effort  you  invest. 

Mail  your  completed  answer  sheet  by  September  30,  1996.  Answer  sheets  post- 
marked after  September  30  will  not  be  processed.  The  Answer  Key  for  CRCE  through 
the  Journal  will  be  published  in  the  October  issue  of  RESPIRATORY  CARE.  No  scores 
will  be  available  from  the  AARC  until  the  1996  CRCE  Transcripts  are  mailed  in 
eariy  1997. 


*  Dr  Dunlevy  is  an  Adjunct  Faculty  Member  with  Georgia  Slate  University— Atlanta.  Georgia.  When  this  test 
was  written  she  was  Associate  Professor  and  Director  of  Clinical  Education,  Dr  Hobeny  is  Assistant  Professor, 
Respiratory  Therapy  Division,  and  Mr  Douce  is  Assistant  Professor  and  Program  Director,  School  of  Allied 
Medical  Professions— The  Ohio  State  University,  Columbus,  Ohio. 
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QUESTIONS: 


Please  follow  the  instructions  on  the  previous  page,  and  record  your  answers  on 
the  perforated  form  provided  at  the  back  of  the  Journal  following  page  776. 


1.  Betit  et  al  observed  that  what  circumstances 
may  make  inhaled  nitric  oxide  (NO)  unsafe  for 
infants  on  mechanical  ventilation? 


a.  NO  doses  >  40  ppm  with  Fpo:  >  0-95 

b.  NO  administered  w  ith  5-mm  ID  tubing 

c.  NO  scavenged  continuously  with  vacuum 

d.  NO  administered  by  continuous  titration 

e.  NO  doses  determined  by  gas  analysis  only 

[July  IWS:4{)(7):706-7I51 


In  the  study  by  Haas  et  al.  which  of  the  follow- 
ing values  were  significantly  higher  when 
patient-determined  flow,  rather  than  preset  flow, 
was  allowed  during  assisted  mechanical  venti- 
lation? 

a.  V„,ax  and  Petco: 

b.  Ve  and  Pes 

c.  Hemodynamic  and  metabolic  data 

d.  WOBpt  and  respiratory  drive 

e.  PEEPiandPni 

[July  I995:40(7):716-72l| 


3.  From  the  study  by  Gilmore  et  al.  w  hich  is  a  true 
statement  about  airway  occlusion  pressure 

(Po.iV? 

a.  In  normal  subjects,  it  has  no  relationship  to 
other  measurements  of  central  neuromuscu- 
lar output. 

b.  It  is  measured  during  the  first  100  milli- 
seconds of  inspiration  at  FRC. 

c.  It  is  not  useful  as  a  predictor  of  success  in 
weaning  from  mechanical  ventilation. 

d.  It  is  measured  when  the  airway  is  open  to 
atmospheric  pressure. 

e.  It  is  an  in\asi\e  assessment. 

IJulv  IW5:4()(7):722-727| 


4.  According  to  the  study  by  Russell  and  Gray- 
beal,  covering  disposable  oximeter  sensors  with 
a  protective  laminate  resulted  in: 

a.  false  high  SpO:  measurements. 

b.  false  low  SpO;  measurements. 

c.  SpO:  measurements  that  were  not  clinically 
different  from  single-use  sensors. 

d.  diminished  response  times  that  were  judged 
to  be  clinically  important. 

e.  decompt)sition  of  the  sensor. 

[July  1995;40(7):728-733] 


5.   Yuan.  Jun.  and  Min  demonstrated  that  pulse- 
dose  oxygen  therapy: 

a.  was  not  cost-effective  compared  to  continu- 
ous-flow oxygen  delivery. 

b.  used  approximately  one  third  the  amount  of 
oxygen  as  continuous-flow  oxygen  therapy. 

c.  used  about  the  same  amount  of  oxygen  as 
continuous-flow  oxygen  therapy. 

d.  u.sed  approximately  one  third  inore  oxygen 
than  continuous-flow  oxygen  therapy. 

e.  is  more  efficient  than  continuous-flow  oxy- 
gen therapy  when  delivered  via  liquid  sys- 
tems only. 

[August  1995;40(8j:8ll-814j 


6.  In  Limauro  and  colleagues"  study  of  inhaled 
bronchodilator  response,  which  of  the  following 
wa.s  not  a  flnding? 

a.  Nebulized  albuterol  produced  significant 
improvement  in  spirometry  on  Day  1 . 

b.  Nebulized  albuterol  produced  significant 
reduction  in  breathlessness  ratings  on  Day  1. 

c.  There  was  good  reproducibility  of  data 
between  Days  I  and  2. 

d.  Changes  in  breathlessness  ratings  did  not 
correlate  with  changes  in  spirometry  values. 

e.  Spirometry  improved  even  in  the  subgroup  of 
patients  randomized  to  inhale  normal  .saline. 

[August  I99.5:40(8):81.^-819] 
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7.  Liffman  et  al  suggest  that  what  quality  control 
material  can  be  used  to  adequately  assess 
imprecision  of  blood-gas.  electrolyte,  and  CO- 
oximeters  instruments? 

a.  ABC™  Control 

b.  Qualidata™  623 

c.  Blood  G.A.S.  Control™ 

d.  Tonometered  EQUIL™  Plus 

e.  Fluorocarbon  emulsion  controls 

[August  1995:40(8):82()-831] 


According  to  Medin  and  Ognibene,  all  but 
which  of  the  following  will  minimize  occupa- 
tional risk  associated  with  treatment  of  the 
patient  suffering  from  AIDS? 

a.  Universal  Precautions  should  be  used  only  in 
treating  patients  who  are  at  risk  for  the 
human  immunodeficiency  virus. 

b.  Masks  should  be  worn  to  minimize  risk  of 
tuberculosis  transmission. 

c.  Particulate  respirators  should  be  worn  during 
aerosol  administration  of  pentamidine. 

d.  RCPs  who  are  pregnant  should  not  be  ex- 
posed to  aerosolized  pentamidine. 

e.  Disposable  mouthpieces  and  tubing  should 
be  used  whenever  possible. 

[August  l995;40(8):832-854] 


9.  Criner  and  Isaac  report  that  all  but  which  of  the 

following  contribute  to  psychological  problems 
that  may  occur  in  the  ICU  patient  ? 

a.  sleep  deprivation 

b.  sensory  deprivation 

c.  poor  baseline  psychologic  function 

d.  less  severe  illness 

e.  adverse  effect  of  medication(s) 

[August  1995;40(8):855-865] 


a.  nitric  oxide 

b.  calcium  -  channel  blockers 

c.  adenosine 

d.  anticoagulants 

e.  Prostacyclin 

[August  1995;40(8):87 1-875] 


I .  From  the  paper  by  Pierson.  which  is  not  a  rec- 
ommended improvement  in  current  mechanical 
ventilator  design  and  function? 

a.  increased  versatility,  adaptability,  and  re- 
sponsiveness of  ventilators 

b.  ability  to  generate  higher  peak  pressures  and 
volumes 

c.  ability  of  ventilators  to  recognize  and  moni- 
tor auto-PEEP 

d.  ability  of  ventilators  to  detect  failure  to  meet 
patient's  flow  and  volume  needs 

e.  standardization  of  ventilator  alarms  among 
models  and  manufacturers 

(September  I995:4{)(9):933-94I] 


12.  From  the  paper  by  Maclntyre,  which  is  the  best 
descriptor  of  clinical  outcome  assessment  in  eval- 
uating innovations  in  mechanical  ventilation? 

a.  complex  and  expensive  study,  often  involv- 
ing careful  randomized  clinical  trials 

b.  inexpensive  and  innovation-specific  evalua- 
tion of  ventilator  performance 

c.  measurements  of  specific  physiologic  vari- 
ables linked  to  anticipated  mechanisms  of 
benefit  or  risk 

d.  evaluation  in  which  real  clinical  efficacy  is 
inferred  rather  than  tested 

e.  evaluation  of  operational  variables  such  as 
flow  rate  or  response  time 

[September  l995:40(9):968-970] 


10.  Which  of  the  following  agents  is  specific  to 
the  pulmonary  vasculature,  according  to 
Mathewson? 


13.  From  the  paper  by  Tobin  et  al.  which  is  not  a 
study  design  issue  in  using  physiologic  end 
points  to  evaluate  innovations  in  mechanical 
ventilation? 
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a.  the  selection  of  the  control-comparison  state 

b.  control  of  other  physiologic  variables 

c.  the  timing  of  measurements 

d.  the  verification  of  physiologic  outcomes  by 
long-term  outcomes 

e.  the  number  of  intermediate  end  points 

[September  1995;40(9):97l-974] 


Dellinger  points  out  that  in  choosing  which 
long-term  end  point  must  you  consider  that 
there  is  a  probability  that  no  statistically  signifi- 
cant benefit  will  be  found  when  one  does  exist 
due  to  failure  to  enroll  a  sufficiently  large  num- 
ber of  patients? 

a.  morbidity 

b.  surrogates 

c.  indices 

d.  mortality 

e.  composites 

[September  I995:40(9):975-9791 


15.  All  but  which  of  the  following  is  true  of  the 
APACHE  II  and/or  SAPS  II  scoring  systems? 

a.  Both  are  used  to  estimate  probability  of  hos- 
pital mortality  for  ICU  patients. 

b.  APACHE  II  uses  a  greater  number  of  vari- 
ables than  does  SAPS  II  to  estimate  mortality. 

c.  APACHE  II  is  a  better  predictor  of  mortality 
than  SAPS  11,  according  to  Del  Bufalo  and 
associates. 

d.  APACHE  II  and  SAPS  II  use  different  com- 
binations of  variables  to  predict  mortality. 

e.  APACHE  II  was  developed  before  SAPS  U. 

lOctober  1995;40(I0):1042-1047] 


16.  Chatila  et  al  observed  that  if  an  c\ident  outlier 
had  not  been  excluded  from  analysis  in  their 
study,  endotracheal  suctioning  v\ould  have 
resulted  in  a  significant  change  in  which  \  ariable? 

a.  respiratory  system  compliance  (Crs) 

b.  airway  resistance  (Ra^ ) 

c.  static  resistance  to  breathing 

d.  pause  (plateau)  pressure 

e.  systemic  vascular  resistance 

'[October  1995:40(  I0):1048-I0511 


17.  Shaw  and  Prewitt  advocate  the  use  of  which  of 
the  following  to  rank  prospective  respiratory 
therapy  program  candidates? 

a.  3-semester  respiratory  care  course  GPA 
regression 

b.  CRTT  self-assessment  examination  regres- 
sion 

c.  preprofessional  GPA 

d.  a  and  b 

e.  exit  GPA  regression 

[October  I995;4()(  10):  l()52-1062| 


18.  Noblett  et  al  report  which  outcome  when 
trained  registered  respiratory  therapists  (RRT) 
provide  neonatal  intubation  in  a  community 
hospital  setting? 

a.  There  is  role  conflict  with  pediatricians. 

b.  The  incidence  of  esophageal  intubation  is 
\0%. 

c.  There  is  an  alarming  incidence  of  complica- 
tions . 

d.  Most  intubations  are  accomplished  with   I 
attempt. 

e.  Few  tubes  must  be  reinserted  by  an  anesthe- 
siologist. 

[October  1995;40(  1 0):  1 063- 1 067] 


19.  On  the  basis  of  their  findings,  Mishoe  and  col- 
leagues recommend  that  to  minimize  risk  of 
hearing  loss,  what  type  of  humidification  equip- 
ment should  the  RCP  use  for  an  mfanl  receiv  ing 
supplemental  oxygen  in  a  hood? 

a.  SPAG-2 

b.  simple  humidifier 

c.  heated  humidifier 

d.  heat/moisture  exchanging  humidifier 

e.  heated  nebulizer  with  low  water  level 

[November  I995:40(  1 1 )  1 1 20- 1 1 24] 


20.  Which  of  the  following  is  not  one  of  the  conclu- 
sions reported  in  Komara  and  Stoller's  study  of 
postoperative  oxygen  therapy  protocol? 
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a.  RCPs  are  more  likely  than  other  heahh-care 
providers  to  implement  practice  guidelines. 

b.  Closer  attention  should  be  given  to  the 
assessment  of  preoperative  oxygenation  in 
order  to  define  postoperative  therapeutic  end 
points. 

c.  Most  patients  were  immediately  taken  off  of 
supplemental  oxygen  when  room  air  SpO: 
reached  92%. 

d.  Physicians  often  utilize  a  wide  range  of  Sp02 
criteria  when  assessing  oxygenation. 

e.  Patients  with  a  preoperative  recorded  SpO: 
often  had  a  greater  SpO:  stop  criterion. 
[November  1995;40(li):  11 25- 11 29] 


21.  Kollef  and  Silver  suggest  which  statement  is 
true  concerning  ventilator-associated  pneumo- 
nia (VAP)']" 

a.  VAP  refers  to  a  pneumonia  that  develops  in  a 
mechanically  ventilated  patient  later  than  48 
hours  after  intubation. 

b.  VAP  is  associated  with  the  single  risk  factor 
of  prophylactic  antibiotic  therapy. 

c.  When  patient  demographics  and  underlying 
severity  of  illness  is  controlled  for,  VAP  is 
eliminated  as  an  independent  predictor  of 
hospital  mortality. 

d.  Bronchoscopic  sampling  of  the  lower  air- 
ways is  a  relatively  inaccurate  method  of 
diagnosing  VAP. 

e.  Direct  aspiration  is  a  relatively  uncommon 
mechanism  for  development  of  VAP. 
[November  1995;40(11):1130-1 140] 


22.  Branson  and  Davis  found  which  to  be  a  true 
statement  about  the  performance  of  the  5  venti- 
lators in  this  study? 

a.  The  ICU  ventilators  demonstrated  a  signifi- 
cantly higher  WOB|  during  spontaneous 
breathing  than  did  the  home  care  ventilators. 

b.  Statistically  significant  difference  in  the 
WOBi  between  2  ventilators  in  PSV  may  or 
may  not  be  clinically  important. 

c.  The  application  of  PEEP  equally  affected  the 
performance  of  all  the  ventilators  tested. 


d.  The  WOB  during  IMV  and  PSV  was  mea- 
sured for  all  the  ventilators  in  this  study. 

e.  There  were  no  statistical  significant  differ- 
ences in  the  WOBi  among  the  ICU  ventilators. 
[December  1995:40(1 2):  1270- 1278] 


23.  Documented  advantages  of  nasal  long-term 
endotracheal  intubation  over  oral  long-term 
endotracheal  intubation  include  all  but  which 
of  the  following? 

a.  lack  of  bite  block  requirement 

b.  less  incidence  of  laryngeal  damage 

c.  improved  stability 

d.  improved  oral  hygiene 

e.  less  incidence  of  sinusitis 
[December  1995;40(12):1279-1286] 


24.  Chaska  et  al  suggest  that  obstructive  sleep 
apnea  is  most  commonly  seen  in: 

a.  men  who  exhibit  loud,  chronic  snoring. 

b.  men  with  a  neck  circumference  of  16  inches. 

c.  women  with  unexplained  pulmonary  hyper- 
tension. 

d.  women  more  than  40  years  old  who  exhibit 
changes  in  personality. 

e.  men  or  women  who  are  115%  of  their  ideal 
body  weight. 

[December  1995;40(12)1287-1294] 


25.  According  to  Cordero  et  al.  what  is  the  signifi- 
cance of  serial  tracheal  cultures  positive  for 
Ureaplasma  urealyticiini  in  mechanically  venti- 
lated infants? 

a.  correlated  with  infant  mortality 

b.  associated  with  the  severity  of  BPD 

c.  common  among  small,  premature  infants 

d.  directly  related  to  the  development  of 
PPHNB 

e.  usually  an  antimicrobial  resistant  organism 

[January  1996;41(l):22-29] 
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26.  Hagarty  and  associates'  study  of  the  use  of 
pulse  oximetry  to  determine  oxygen  prescrip- 
tions in  COPD  patients  suggests  that: 

a.  oxygen  administration  during  exercise  does 
not  improve  exercise  tolerance. 

b.  SpO:  measured  during  a  5-minute  corridor 
walk  can  be  used  to  predict  oxygen  flow  in 
COPD  patients  in  nasal  cannulas. 

c.  SpO:  measured  at  rest  in  COPD  patients  on 
nasal  cannulas  did  not  differ  significantly 
from  Sp(),  measured  during  a  3-minute  walk. 

d.  COPD  patients  should  be  prescribed  oxygen 
via  nasal  cannula  at  1-3  L/min. 

e.  oxygen  prescriptions  for  COPD  patients 
should  be  titrated  to  SpO:  >  95%. 

[January  1996:41(  1  ):30-361 


27.  According  to  the  survey  by  Kasper  et  al,  what  is 
the  current  clinical  tracheostoiny  practice  in  an 
urban  university  teaching  hospital? 

a.  Most  tracheostomy  patients  receive  respira- 
tory care. 

b.  Only  a  few  patients  are  admitted  with  a  tra- 
cheostomy. 

c.  Spinal  cord  injury  is  a  common  reason  for 
tracheostomy. 

d.  Prolonged  ventilation  is  a  rare  reason  for  tra- 
cheostomy. 

e.  Tracheostomy  is  most  often  performed  b\ 
general  surgeons. 

[January  1996:41(1  ):37-42] 


28.  Miyao  et  al  quote  the  cuirent  international  stan- 
dard for  airway  humidification  of  bypassed  air- 
ways as 

1.      absolute  humidity  of  >  30  mg  H2O/L 
H.    relati\e  humidity  of  >  857c 
III.  temperature  =  35-37°  C 

a.  I  only 

b.  11  only 

c.  1  and  III 

d.  11  and  111 

e.  I,  II.  and  111 

[January  1996:41  ( 1  ):43-491 


29.  Approximately  what  percentage  of  drowning 
\ictims  vomit  either  during  drowning  or  during 
resuscitation  attempts? 

a.  10% 

b.  20% 

c.  30% 

d.  40% 

e.  50% 

[January  1996:41(1  ):50-57] 


30.  Volsko  et  al  reported  that  when  an  inexpensive 
commercial  standard  is  used  to  \erify  the  accu- 
racy and  precision  of  pulse  oximeters,  the 
results  compare  with  manufacturer's  specifica- 
tions in  which  way? 

a.  Precision  was  less  than  specifications. 

b.  Error  was  always  within  specifications. 

c.  Bias  was  significantly  greater  than  specifica- 
tions. 

d.  Accuracy  was  within  ±  4%  of  specifications. 

e.  Inaccuracy  intervals  were  approximately  4%. 

[February  1996:41(21:100-1041 


31.  From  Ravenscraft's  paper,  which  of  the  follow- 
ing is  true  concerning  the  use  of  tracheal  gas  in- 
sufflation (TGI)  as  an  adjunct  to  conventional 
mechanical  ventilation? 

a.  Of  all  forms  of  phasic  TGI.  partial  inspira- 
tory bypass  is  the  most  effective. 

b.  The  addition  of  TGI  to  conventional  mechan- 
ical ventilation  makes  pressure  and  volume 
monitoring  easier  to  accomplish. 

c.  If  continuous  flow  TGI  is  combined  with 
pressure-controlled  ventilation,  the  danger  of 
overpressurization  is  eliminated. 

d.  Auto-PEEP  and  plateau  pressure  determina- 
tions are  more  difficult  to  make  during  con- 
tinuous flow  TGI. 

e.  Pel  CO:  appears  to  be  the  best  monitt)ring  tool 
for  continuous  tlow  TGI. 

[February  1996:41  (2):  105-1 1 1 1 
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32.  From  the  paper  by  Trant  et  al.  which  statement 
is  correct  concerning  the  regulation  of  myocar- 
dial contractihty  and  function? 

a.  In  \entricular  tachycardia,  cardiac  filling 
time  increases  along  with  cardiac  output  and 
myocardial  oxygen  consumption. 

b.  Stroke  volume  is  controlled  by  three  fac- 
tors— preload,  afterload.  and  contractility. 

c.  An  increase  in  venous  return  generally  re- 
sults in  an  increase  in  ventricular  stretch  and 
a  decrease  in  preload  and  cardiac  output. 

d.  In  most  ICU  situations,  the  left  ventricular 
systolic  pressure  is  used  to  estimate  end-dias- 
tolic  ventricular  volume. 

e.  As  long  as  preload  and  heart  rate  do  not 
change,  a  decrease  in  afterload  causes  a  de- 
crease in  stroke  volume  and  cardiac  output. 

[February  1996;41(2):113-122] 


33.  All  but  which  of  the  following  is  true  of  oxy- 
gen delivery? 

a.  When  oxygen  delivery  is  inadequate  to  meet 
the  demand  of  the  tissues,  anaerobic  metabo- 
lism occurs. 

b.  As  cardiac  output  decreases,  oxygen  delivery 
decreases. 

c.  Positive  pressure  ventilation  increases  oxy- 
gen delivery. 

d.  Decreased  right  ventricular  preload  in 
patients  with  right  ventricular  dysfunction 
may  cause  decreased  oxygen  delivery. 

e.  Reduction  in  gas  exchange  decreases  oxygen 
delivery. 

[February  1996;4U2):123-129] 


34.  According  to  Boix  and  colleagues,  which 
type(s)  of  ventilatory  support  resulted  in  im- 
provement in  the  alveolar  ventilation  of  COPD 
patients? 

a.  NIPPV 

b.  EHFOV 

c.  CPAP 

d.  a  and  b 

e.  Bilevel  CPAP 

[March  1996:4 1(3):  187- 190] 


35.  El-Khatib  and  Rosalowski  suggest  that  when  a 
metabolic  cart  is  not  available,  what  combina- 
tion of  variables  can  be  used  to  estimate  the 
energy  expenditure  for  adolescent  boys  on 
mechanical  ventilation? 

a.  age.  F|0:.  Vg 

b.  age,  height,  weight 

c.  Fio:.  weight 

d.  height,  pulse,  weight 

e.  Ve,  weight,  pulse 

[March  1996:41(3):  191-196] 


36.  Which  conclusion  is  supported  by  the  resuhs  of 
the  study  by  Gerber  et  al? 

a.  Use  of  the  disposable  cover  would  result  in 
little  potential  cost  savings  for  hospitals. 

b.  The  disposable  probe  cover  should  not  sig- 
nificantly alter  accuracy  of  the  measured 

SpO:- 

c.  The  use  of  the  probe  cover  is  likely  to 
encourage  probe  damage. 

d.  The  findings  of  the  study  may  be  true  only 
for  patients  who  have  a  relatively  low  SpO:- 

e.  The  difference  in  SpO:  as  measured  by 
sheathed  and  unsheathed  probes  should  be  no 
more  than  \%. 

[March  1996:41(3):  197-201] 


37.  According  to  their  survey  on  the  prevalence  of 
cigarette  smoking.  Wilson  and  Cohn  reported 
all  but  which  of  the  following? 

a.  Less  than  one  half  of  RCPs  surveyed  are 
smokers. 

b.  The  majority  of  RCPs  surveyed  do  not  rou- 
tinely ask  family  members  about  their  smok- 
ing habits. 

c.  Most  RCPs  counsel  parents  about  second- 
hand smoke. 

d.  The  majority  of  respiratory  care  departments 
do  not  provide  information  to  family  mem- 
bers about  secondhand  smoke. 

e.  Very  few  hospitals  surveyed  have  smoking 
cessation  programs. 

[March  1996:41  (3):202-205] 
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38.  The  Centers  for  Disease  Control  reported  that 
increased  ristc  tor  HIV  infection  following  per- 
cutaneous exposures  to  HIV-infected  blood  was 
associated  with  all  but  which  of  the  following? 

a.  device  visibly  contaminated  with  the  pa- 
tient's blood 

b.  procedure  that  involved  a  needle  placed 
directly  in  a  vein/artery 

c.  deep  puncture  injury 

d.  exposure  to  blood  from  source  patients  with 
terminal  illness 

c.  avoidance  of  zidovudine  following  exposure 
[March  l996;4l(3):206-208] 


39.   Purely  antihi.staminic  drugs: 

a.  are  effective  in  the  treatment  of  asthma. 

b.  are  not  effective  in  the  treatment  of  asthma. 

c.  are  effective  in  the  prevention  of  asthma. 

d.  are  effective   in  treating  the  late-phase 
innammalory  response  in  asthma. 

e.  produce  a  synergistic  effect  when  prescribed 
with  a  bronchodilator. 

I  March  1996:4I(3):212-214| 


40.  Peruzzi  explains  that  when  optimal  PEEP  is 
applied  to  a  patient  with  noncardiogenic  pul- 
monary edema,  the  mechanism  thought  to  be 
responsible  for  improving  oxygenation  is: 

a.  decreased  venous  return. 

b.  decreased  cardiac  output. 

c.  increased  alveolar  volume. 

d.  redistribution  of  lung  water. 

e.  increased  plasma  renin  activity. 

[April  19y6;41(4):273-284[ 


41.  From  the  paper  by  Branson  and  Maclntyre, 
which  statement  is  true  concerning  volume- 
controlled  ventilation  (VCV)? 

a.  Constant  volume  delivery  remains  the  com- 
pelling factor  in  the  selection  of  VCV. 

b.  In  VCV,  "flow  starvation"  is  likely  to  lead  to 
patient-ventilator  dyssynchrony  and  a  reduc- 
tion in  the  WOB. 


c.  Excessive  airways  pressures  that  can  cause 
barotrauma  and  volutrauma  do  not  occur  in 
VCV. 

d.  In  VCV,  volume  serves  as  the  usual  phase 
variable  for  limit  and  cycle  of  the  mandatory 
breath. 

e.  In  most  reported  studies  of  dual  control  ven- 
tilation, VCV  resulted  in  less  WOB  than  did 
PCV  or  VAPSV. 

[April  l996;41(4):294-305] 


42.  Which  of  the  following  treatments  for  severe 
respiratory  failure  described  in  Wilson's  paper 
also  provides  cardiac  support? 

a.  IVOX 

b.  ECCOR2 

c.  V-V  bypass 

d.  V-A  bypass 

e.  arterial-arterial  ECMO 

[April  1996;41(4):306-3I7] 


43.   According  to  East  and  Morris,  what  is  true 
about  decision  support  systems  (DSS)? 

a.  Specific  executable  protocols  contain  knowl- 
edge-based instructions  that  are  complete, 
clear  and  concise. 

b.  Clinical  practice  guidelines  are  the  most 
appropriate  DSS  for  making  specific  deci- 
sions concerning  quality  of  care  or  reducing 
costs. 

c.  DSS  are  not  likely  to  result  in  computer 
applications. 

d.  DSS  led  to  standardizing  treatment  as  well  as 
standardizing  clinician  response. 

e.  All  DSS  function  as  closed-loop  control  .sys- 
tems. 

[April  l996;41(4):327-340] 


44.  Which  form  of  high-frequency  ventilation  pro- 
vides active  inspiration  and  expiration  and  a  tlxed 
I:E  of  1 : 1  accordini!  to  Herridiie  and  Slutskv? 
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a.  HFJV 

b.  HFOV 

c.  HFFIV 

d.  HFPPV 

e.  HFCO2RV 

[May  1996;4U5):385-396J 


45.  Which  natural  exogenous  surfactant  preparation 
is  FDA-approved  for  neonates  and  is  usually 
administered  as  a  bolus  of  3-5  niL/kg  while 
interrupting  CMV,  according  to  Haas  and  Weg? 

a.  ALEC 

b.  CLSE 

c.  CurosurF^ 

d.  ExosurF"^ 

e.  Survanta™ 

[May  1996;41(5):397-4111 


46.   What  liquid  is  used  to  provide  partial  liquid 
ventilation  at  atmospheric  pressure? 

a.  H2O2 

b.  NS,  0.9%  NaCl 

c.  perfluorocarbon 

d.  phosphatidylglycerol 

e.  dipalmitoylphosphatidycholine 

[May  1996:41(5»:416-4231 


47.  Hess  et  al  found  that  which  one  of  the  following 
has  not  been  shown  as  the  result  of  nitric  oxide 
(NO)  inhalation? 

a.  clinically  important  increase  in  bleeding 
times  for  patients  with  ARDS 

b.  pulmonary  edema  in  patients  with  left  ven- 
tricular dysfunction 

c.  pulmonary  hypertension  as  a  rebound  effect 
when  NO  was  withdrawn 

d.  development  of  NO2  in  breathing  systems  in 
the  presence  of  high  Fio: 

e.  unpredictable  change  in  PaO:/Fio:  in  patients 
with  ARDS. 

[May  1996;41(5):424-446] 


48.  The  results  of  the  study  by  Marik  reasonably 
supports  what  conclusion? 

a.  Consider  the  leak  test  as  an  invalid  predictor 
of  post-extubation  stridor. 

b.  Expect  all  patients  who  fail  to  show  a  leak  in 
the  leak  test  to  develop  stridor. 

c.  Expect  no  postextubation  stridor  in  patients 
who  show  a  leak  during  the  leak  test. 

d.  Consider  nasal  intubation  to  be  superior  to 
oral  intubation  in  the  prevention  of  postextu- 
bation stridor. 

e.  Endotracheal  tube  size  should  be  limited  to  < 
8.0  mm  ID. 

[June  1996:4](6):5()9-5111 


49.  Bhatt  and  colleagues  suggest  that  which  is  an 
advantage  of  tracheal  pressure-triggering  CPAP 
over  conventional  within-ventilator  pressure- 
triggering? 

a.  Impo.sed  WOB  is  less. 

b.  Trigger  delay  time  is  less. 

c.  Less  trigger-work  is  required. 

d.  Required  trigger  pressure  is  less. 

e.  Mean  peak  inspiratory  pressure  is  less. 

[June  I996;41(6):512-518] 


50.  hi  the  study  by  Emad.  the  outcome  of  adding 
alternate-day  theophylline  therapy  to  the  rou- 
tine treatment  regimen  of  patients  with  moder- 
ate-to-severe asthma  was  what? 

a.  Spirometry  values  improved  significantly. 

b.  P-2  agonist  therapy  could  be  discontinued. 

c.  Hospital  admissions  increased  significantly. 

d.  Intermittent  tremor  was  a  common  side 
effect. 

e.  Serum  Theophylline  exceeded  therapeutic 
levels. 

[June  1996:41(6):520-523] 
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Make  sure  to  double  check  your  work  and  to  mark  the  answer 
sheet  clearly.  Mail  your  completed  answer  sheet  by  September  30. 
1996  to 

CRCE  through  the  Journal 
11030  Abies  Lane 
Dallas  TX  75229-4593 

Look  for  the  answers  hi  the  October  1996  issue  of  RESPIRATORY 
Care. 
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A.  Patient  information 


1     Patient  Identifier 


In  confidence 


Age  at  time 
of  event: 


Date 
of  birth: 
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I    I  female 
I     I  male 


Page 


4   Weight 


of 


Triage  unit 
sequence  o 


kgs 


B.  Adverse  event  or  product  problem 


I     I   Adverse  event       and  c 


Product  problem  (e  g  ,  delecls  mallunclions) 


2    Outcomes  attributed  to  adverse  event 

ichecl*  all  that  apply) 


□  death 


I     I  life-threatening 

I     I  hospitalization  -  initial  or  prolonged       O  other 


I     I  disability 

I     I  congenital  anomaly 

I     I  required  intervention  to  prevent 
permanent  impairment/damage 


3  Date  of 
event 


4   Date  of 
this  report 


5    Describe  event  or  problem 


Relevant  tests/laboratory  data,  including  dates 


Other  relevant  history,  including  preexisting  medical  conditions  (eg,  allergies, 
race,  pregnancy,  smoking  and  alcohol  use,  hepatic, renal  dysfunction,  etc) 


Mail  to:     MIDVV.aKH  or  FAX  to: 

5600  Fisfiers  Lane  1 -800-FDA-01 78 

Rockville,  MD  20852-9787 


C.  Suspect  medication(s) 


1     Name  (give  labeled  strength  &  mfr  labeler,  if  knovun) 
#1 


#2 


2    Dose,  frequency  &  route  used 


3    Therapy  dates  (it  unknovi/n,  give  durationi 

(ri.m'lo  10'  besi  eslimale 
«t 


4    Diagnosis  for  use  (indication) 
#1 


6    Lot  #  (if  known) 
#1 


Exp.  date  (if  known) 


M    NDC  #  (for  product  problems  only) 


5     Event  abated  after  use 
stopped  or  dose  reduced 

#1  Dyes  n™  n^g^Fy"'' 


#2  Dyes  n  no  ngggpy"' 


8    Event  reappeared  after 
reintroduction 

•'DvesDno    ngggPy"' 


#2  Dyes  D  no   D^g^Pv"' 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  evenll 


D.  Suspect  medical  device 


1     Brand  name 


Type  of  device 


3    lUlanufacturer  name  &  address 


6 
model  # 


catalog  # 

serial  # 

lot#  


other  # 


4    Operator  of  device 

[     I  health  professional 
I     I  lay  user/palient 
I     I  other 


5     Expiration  date 

imcday  vn 


7    If  implanted,  give  date 


8     If  explanted.  give  date 

(mo  Jdv  V 


9    Device  available  for  evaluation?                (Do  not  send  to  FDA) 
I     I    yes  en  "0  O  returned  to  manufacturer  on 


10    Concomitant  medical  products  and  therapy  dates  (exclude  treatment  of  event) 


E.   Reporter  (see  confidentiality  section  on  bacic) 


Name  &  address 


phone  # 


2    Health  professionaP 

□   yes       □    no 


3      Occupation 


5      If  you  do  NOT  want  your  identity  disclosed  to    

the  manufacturer,  place  an  '  X  '  in  this  box,      l_\ 


4    Also  reported  to 

j     I      manufacturer 
I     I      user  facility 
I     I      distnbutor 


FDA  Form  3500 1/96)  Submissioti  of  8  report  does  not  constitute  an  admission  that  medical  personnel  or  the  product  caused  or  contributed  to  the  event. 


ADVICE  ABOUT  VOLUNTARY  REPORTING 


Report  experiences  with: 

•  medications  (drugs  or  biologies) 

•  medical  devices  (including  in-vitro  diagnostics) 

•  special  nutritional  products  (dietary 
supplements,  medical  foods,  infant  formulas) 

•  other  products  regulated  by  FDA 

Report  SERIOUS  adverse  events.  An  event 
is  serious  when  the  patient  outcome  is: 

•  death 

•  life-threatening  (real  risk  of  dying) 

•  hospitalization  (initial  or  prolonged) 

•  disability  (significant,  persistent  or  permanent) 

•  congenital  anomaly 

•  required  intervention  to  prevent  permanent 
impairment  or  damage 

Report  even  if: 

•  you're  not  certain  the  product  caused  the 
event 

•  you  don't  have  all  the  details 

Report  product  problems  -  quality,  performance 
or  safety  concerns  such  as: 

•  suspected  contamination 

•  questionable  stability 

•  defective  components 

•  poor  packaging  or  labeling 

•  therapeutic  failures 


How  to  report: 

•  just  fill  in  the  sections  that  apply  to  your  report 

•  use  section  C  for  all  products  except 
medical  devices 

•  attach  additional  blank  pages  if  needed 

•  use  a  separate  form  for  each  patient 

•  report  either  to  FDA  or  the  manufacturer 
(or  both) 


Important  numbers: 

•  1-800-FDA-0178 

•  1-800-FDA-7737 

•  1-800-FDA-1088 

•  1-800-822-7967 


to  FAX  report 

to  report  by  modem 

to  report  by  phone  or  for 

more  information 

fora  VAERSform 

for  vaccines 


If  your  report  involves  a  serious  adverse  event 
with  a  device  and  it  occurred  in  a  facility  outside  a  doc- 
tor's office,  that  facility  may  be  legally  required  to  report  to 
FDA  and/or  the  manufacturer.   Please  notify  the  person  in 
that  facility  who  would  handle  such  reporting. 

Confidentiality:  The  patients  identity  is  held  m  strict 
confidence  by  FDA  and  protected  to  the  fullest  extent  of 
the  law.  The  reporter's  identity,  including  the  identity  of  a 
self-reporter,  may  be  shared  with  the  manufacturer  unless 
requested  otherwise.   However.  FDA  will  not  disclose  the 
reporter's  identity  in  response  to  a  request  from  the 
public,  pursuant  to  the  Freedom  of  Information  Act. 


The  public  reporting  burden  for  this  collection  of  information 
has  been  estimated  to  average  30  minutes  per  response, 
including  the  time  for  reviewing  instructions,  searching  exist- 
ing data  sources,  gathering  and  maintaining  the  data  needed, 
and  completing  and  revievi/ing  the  collection  of  information 
Send  comments  regarding  this  burden  estimate  or  any  other 
aspect  of  this  collection  of  information,  including  suggestions 
for  reducing  this  burden  to: 


DHHS  Reports  Clearance  Office 
Paperwork  Reduction  Proiect  (0910-0291) 
Hubert  H.  Humphrey  Building.  Room  S31-H 
200  Independence  Avenue.  S  W 
Wastiington,  DC  20201 


An  agency  may  nol  conduct  or  sponsor, 
and  a  person  is  nol  required  to  respond  to 
a  collection  of  information  unless  it  displays 
a  currently  valid  0MB  control  number 


Please  do  NOT 

return  this  form 
to  eittier  of  these 
addresses. 
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Public  Health  Service  •  Food  and  Drug  Administration 
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Please  Use  Address  Provided  Below  -  Just  Fold  In  Thirds,  Tape  and  Mail 


Department  of 

Health  and  Human  Services 

Public  Health  Service 

Food  and  Drug  Administration 

Rockville,  MD  20857 

Official  Business 

Penalty  for  Private  Use  S300 


NO  POSTAGE 

NECESSARY 

IF  MAILED 

IN  THE 

UNITED  STATES 

OR  APQ/FPO 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  MAIL     PERIVIIT  NO.  946    ROCKVILLE.  MD 


POSTAGE  WILL  BE  PAID  BY  FOOD  AND  DRUG  ADMINISTRATION 


MEIJ 


Mt. 


CH 


The  FDA  Medical  Products  Reporting  Program 
Food  and  Drug  Administration 
5600  Fishers  Lane 
Rockville,  MD  20852-9787 
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News  releases  about  new  produets  and  services  will  be  considered  for  publication  in  this  section.  There  is  no  charge  for 
these  listings.  Send  descriptive  release  and  glossy  black  and  white  photographs  to  RESPIRATORY  Care  Journal.  New 
Products  and  Services  Dept.  1 1030  Abies  Lane.  Dallas  TX  75229-4593, 


New  Products 
&  Services 


i    % 


Asthma  Care  Kit.  HealthScaii  Prod- 
ucts announces  the  AsthmaPACK:  Per- 
sonal Asthma  Care  Kit.  According  to 
HealthScan,  the  kit  is  a  physician- 
directed,  patient-managed  asthma  plan 
that  contains  the  Personal  Best"  Peak 
Flow  Meter  with  a  daily  record  chart. 
OptiHaler*  Clear  MDI  Drug  Delivery 
System,  the  video  tape,  Living  with 
Asthma:  What  You  Can  Do.  and  Living 
With  Asthma:  What  You  Can  Do— A 
Self-Help  Booklet.  The  kit  allows 
patients  to  learn  more  about  asthma 
episodes  and  triggers,  the  three-zone 
asthma  management  method,  and  the 
differences  in  nocturnal,  exercise- 
induced,  and  occupational  asthma.  The 
package  may  be  used  for  all  ages  in  a 
variety  of  settings  such  as  physician 
offices,  pharmacies,  emergency  depart- 
ments, and  clinics.  For  more  informa- 
tion about  the  AsthmaPACK,  circle 
reader  service  card  number  90. 


Electronic  Stethoscope.  Arm- 
strong Medical  Industries  Inc  releases 
the  E-Scope'",  an  electronic  stethoscope 
that  amplifies  he;irt,  breath,  or  Korotkoff 
sounds.  According  to  Armstrong,  the 
E-Scope  offers  a  sound-selector  switch 


that  allows  the  user  to  hear  murmurs  or 
faint  sounds  without  enhancing  back- 
ground noise  such  as  that  encountered 
in  ambulances,  helicopters,  emergency 
departments,  or  other  noisy  environ- 
ments. The  stethoscope  can  be  attached 
to  a  tape  recorder  for  audio  reproduc- 
tion of  sounds  to  save  for  later  com- 
parison or  analysis.  Optional  head- 
phones provide  enhanced  amplification. 
Another  option  allows  an  instructor  and 
student  to  listen  simultaneously.  Details 
are  available  from  Armstrong.  Circle 
reader  service  card  number  9 1 . 


Regulator  Key.  Victor  Medical 
introduces  the  E-Z  Key  cylinder  regu- 
lator key.  The  E-Z  Key  uses  a  standard 
cylinder  wrench  to  tighten  the  regulator 
to  the  cylinder  and  prevents  leaks  with 
a  simple  twist,  claims  Victor  Medical. 
The  key  is  easy  to  use  for  patients  and 
health-care  providers.  For  details  about 
the  patent-pending  key,  circle  number 
92  on  the  reader  service  card. 


Revalidation  Service.  PDS— Pul- 
monary Data  Service  Instrumentation 
announces  a  Revalidation  Service  for 
3-L  calibration  syringes  used  in  pul- 
monary function  testing.  PDS  suggests 
revalidation  of  syringes  that  have  not 
been  revalidated  within  the  last  year, 
have  been  dropped,  or  if  the  adjustable 
stopcock  has  been  moved  from  the  3-L 
mark.  According  to  PDS,  the  revali- 
dation certification  is  traceable  to  the 
National  Institute  of  Standards  and 
Technology  (NIST)  and  is  provided  at 
no  charge.  To  leiun  more  about  PDS  and 
this  service,  circle  reader  service  card 
number  93. 


Wireless  Cable.  Mortara  Instrument 
now  offers  a  wireless  patient  cable,  the 
X-12"'.  The  cable  provides  real-time 
acquisition  and  transmission  of  simul- 
taneous 1 2-lead  electrocardiograph 
(ECG)  data  of  diagnostic  quality,  claims 
the  manufacturer.  The  X-12  is  small  (5" 
X  2.5"),  light  weight,  easy  for  health-care 
professionals  and  patients  to  use.  and  is 
pre-formed  to  ensure  correct  anatomi- 
cal placement  of  electrodes.  The  cable 
requires  2  "AA"  batteries  for  30  hours 
of  work.  The  cable  can  transmit  on  256 
channels.  The  cable  is  an  available 
option  for  Mortara  Instrument  equip- 
ment: ELI  100  STM",  ELIXR/100*, 
ELIXR/200®,  X-Scribe®,  Portrait"' Rest- 
ing &  Stress,  ELI  lOO''  and  ELI  200*. 
For  information  about  the  X- 1 2,  circle 
reader  service  card  number  94. 

Patient  Education  Pamphlets. 

Krames  Communications  offers  patient 
education  materials  for  respiratory  care 
practitioners.  Chronic  Obstructive  Pul- 
monary Disease:  Living  with  a  Chronic 
Lung  Conditiim.  Asthma:  Taking  Con- 
trol for  a  Healthier  Life,  Bronchoscopy. 
and  Snoring  and  Sleep  Apnea  are  among 
the  titles.  According  to  Krames,  each 
brochure  is  illustrated  in  full-color  and 
is  presented  in  an  easy-to-read  format. 
In  addition,  Krames  offers  safety,  well- 
ness, and  employee-assistance  educa- 
tion videos.  For  a  catalog  of  the  mate- 
rials or  for  a  free  sample  of  a  brochure 
or  pamphlet,  circle  reader  service  card 
number  95. 
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experts  in  their  fields.  Authors  are  responsible  for  all  aspects  of 
the  manuscript  and  receive  galleys  to  proofread  before  publica- 
tion. Each  accepted  manuscript  is  copyedited  so  that  its  message 
is  clear  and  it  conforms  to  the  Journafs  style.  Published  papers 
are  copyrighted  by  Daedalus  Inc  and  may  not  he  published  else- 
where without  permission. 


Update:  A  report  of  subsequent  developments  in  a  topic  that  has 
been  critically  re\ iewed  in  this  Journal  or  elsewhere. 

Point-of-View  Paper:  A  paper  expressing  personal  but  substan- 
tiated opinions  on  a  pertinent  topic.  Title  Page.  Text.  References. 
Tables,  and  Illustrations  ma\  be  included. 

Special  .Article:  .A  pertinent  paper  not  fitting  one  of  the  forego- 
ing categories  may  be  acceptable  as  a  Special  Article.  Consult 
w  ith  the  Editor  before  writing  or  submitting  such  a  paper. 


Editorial  consultation  is  available  at  any  stage  of  planning  or  writ- 
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categories.  These  Instructions  and  related  materials  are  available. 
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75229-4.'>93.  call  (214)  243-2272.  or  fax  (214)  484-6010. 


Publication  Categories  &  Structure 


Editorial:  A  paper  drawing  attention  to  a  pertinent  concern;  it 
ma\  present  an  opposing  opinion,  clarity  a  position,  or  bring  a 
problem  into  focus. 

Letter:  A  signed  communication  about  prior  publications  in  this 
Journal  or  about  other  pertinent  topics.  Tables  and  illustrations 
ma\  be  included.  Mark  "For  publication." 


Research  Article:  A  report  of  an  original  investigation  (a  study). 
It  includes  a  Title  Page.  .Abstract.  Introduction.  Methods.  Results. 
Discussion.  Conclusions.  Product  Sources.  Acknowledgments. 
References.  Tables,  Appendices.  Figures,  and  Figure  Captions. 

Evaluation  of  Device/Method/Technique:  A  description  and 
evaluation  of  an  old  or  new  device,  method,  technique,  or  mod- 
ification. It  has  a  Title  Page.  Abstract.  Introduction.  Descrip- 
tion of  Device/Method/Technique,  Evaluation  Methods. 
Evaluation  Results.  Discussion.  Conclusions.  Product  Sources. 
Acknowledgments.  References.  Tables.  Appendices.  Figures, 
and  Figure  Captions. 

Case  Report:  .A  report  of  a  clinical  case  that  is  uncommon,  or 
was  managed  in  a  new  way.  or  is  exceptionally  instructive.  All 
authors  must  be  associated  with  the  case.  A  case-managing 
physician  must  either  be  an  author  or  furnish  a  letter  approving 
the  manuscript.  Its  components  are  Title  Page.  Abstract.  Intro- 
duction. Case  Summary.  Discussion,  References,  Tables, 
Figures,  and  Figure  Captions. 

Re\ie«  .\rticle:  .A  comprehensive,  critical  review  of  the  litera- 
ture and  state-of-the-art  summary  of  a  pertinent  topic  that  has 
been  the  subject  of  at  least  40  published  research  articles.  Title 
Page.  Outline.  Introduction,  Review  of  the  Literature.  Summary. 
.Acknow  ledgments.  References.  Tables.  .Appendices,  and  Figures 
and  Captions  may  be  included. 


Blood  Gas  Corner:  A  brief,  instructive  case  report  inviihing 
blood-gas  values — with  Questions.  Answers,  and  Discussion. 

Drug  Capsule:  .A  mini-review  paper  about  a  drug  or  class  of 
drugs  that  includes  discussions  o\  pharmacologv.  pharniacoki- 
iictics.  and  pharmacotherapy. 

Kittredge's  Corner:  A  brief  description  of  the  operation  of  res- 
pirator}, care  equipment — with  information  from  manufacturers 
and  editorial  comments  and  suggestions. 

PPT  Corner:  Like  Blood  Gas  Corner,  but  involving  pulmonary- 
function  tests. 

Cardiorespiratory  Interactions.  A  case  report  demonstrating 

the  interaction  between  the  cardiovascular  and  respiratory  sys- 
tems. It  should  be  a  patient-care  scenario:  however,  the  case — the 
central  theme — is  the  systems  interaction.  CRI  is  characterized 
by  figures,  equations,  and  a  glossary.  Sec  the  March  1996  issue 
of  Respiratori  Care  for  more  detail. 

lest  ^ Our  Radiologic  Skill:  Like  Blood  (ias  Corner,  but  inviilv- 
ing  pulmonary  medicine  radiography  and  including  one  or  more 
radiographs,  may  inv  olve  imaging  techniques  other  than  conven- 
tional chest  radiographv . 


Overview:  A  critical  review  of  a  pertinent  topic  that  has  fewer 
than  40  published  research  articles. 


Review  of  Book.  Film,  Tape,  or  Software:  A  balanced,  critical 
review  of  a  recent  release. 
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Preparing  the  Manuscript 

Print  on  one  side  of  while  bond  paper.  8.5  in.  .\  II  in.  (216  x  279 
mm)  with  margins  of  at  least  I  in.  (25  mm)  on  all  sides  of  the 
page.  Use  douhle-spacing  throughout  the  entire  manuscript.  Use 
a  standard  font  (eg.  Times.  Helvetica,  or  Courier)  at  least  10 
points  in  size,  and  do  not  use  italics  except  for  special  emphasis. 
Number  all  pages  in  upper-right  corners.  Indent  paragraphs  5 
spaces.  Do  not  justify.  Do  not  put  authors"  names  or  other  iden- 
tification anywhere  except  on  the  title  page.  Repeat  title  only  (no 
authors)  on  the  abstract  page.  Begin  each  of  the  following  on  a 
new  page:  Title  Page,  Abstract.  Text,  Product-Sources  List. 
Acknowledgments,  References,  each  Table,  and  each  Appendix. 
Use  standard  English  in  the  first  person  and  active  voice. 

Center  main  section  headings  on  the  page  and  type  them  in  cap- 
ital and  small  letters  (eg.  Introduction.  Methods.  Results. 
Discussion).  Begin  subheadings  at  the  left  margin  and  type 
them  in  capital  and  small  letters  (eg.  Patients.  Equipment. 
Statistical  Analysis). 

References.  Cite  only  published  works  as  references. 
Manuscripts  accepted  but  not  yet  published  may  be  cited  as  ref- 
erences: designate  the  accepting  journal,  followed  by  (in  press). 
Please  provide  3  copies  of  the  in-press  article  for  reviewer 
inspection.  Cite  references  in  the  text  with  superscript  numerals. 
Assign  numbers  in  the  order  that  references  are  first  cited.  On  the 
reference  page,  list  the  cited  works  in  numerical  order.  Follow 
the  Journal"  s  style  for  references.  Abbreviate  journal  names  as  in 
Index  Mc'dkus.  List  all  authors. 

Article  in  a  journal  carrying  pagination  thnmghout  volume: 

1.  Rail  JL.  Harwood  RJ.  Comparison  of  nebulizer  delivery  methods 
through  a  neonatal  endotracheal  tube:  a  bench  study.  Respir  Care 
1992:-17(II):I2.VV|240. 

Article  in  a  publication  that  numbers  each  issue  beginning  with 
Page  1 : 

2.  Bunch  D.  Establishing  a  national  database  for  home  care.  AARC 
Times  iyQI;LS(Man:6l.62.64. 

Corporate  author  journal  article: 

.^.  American  Association  for  Respiratory  Care.  Criteria  for  estab- 
lishing units  for  chronic  ventilaloi-dependcnl  patients  in  liospi- 
tals.  Respir  Care  I988;.V^(I  I);I044-IU46. 

Anicle  in  journal  supplement:  (Journals  differ  in  their  methods  of 
numbering  and  identifying  supplements.  Supply  sufficient  infor- 
mation to  promote  retrieval.) 

4.  Reynolds  HY.  Idiopathic  inlerslitial  puhnonary  I'ihrosis.  Chest 
1986;89(.\  SuppI):l.W.S-14.^S, 

Abstract  in  journal:  (Abstracts  citations  are  to  be  avoided.  Those 
more  than  ."?  years  old  should  not  be  cited.) 

5.  Stevens  DP.  Scavenging  ribavirin  from  an  oxygen  hood  to  reduce 
environmental  exposure  (abstract).  Respir  Care  1990:35(11): 
1087-1088. 


Editorial  in  journal: 

6.  Enrighl  P.  Can  we  relax  during  spirometry?  (editorial).  Am  Rev 
Respir  Dis  199.^;I48(2):274. 

Editorial  with  no  author  given: 

7.  Negative-pressure  ventilation  for  chronic  obstructive  pulmonary 
disease  (editorial).  Lancet  I992;.M0(8833):1440-1441. 

Letter  in  journal: 

8.  Aelonv   V-  Ethnic  norms  for  pulmonar)   function  tests  (letter). 
Chest  I991;99(4):105l. 

Paper  accepted  but  not  yet  ptiblished: 

9.  Hess  D.  New  therapies  for  asihma.  Respir  Care  (year,  in  press). 

Personal  author  book:  (For  any  book,  specific  pages  should  be 
cited  whenever  possible.) 

10.  DeRemee  RA.  Clinical  profiles  of  diffuse  interstitial  pulmonary 
disease.  New  York:  Futura,  1990:76-8.5. 

Corporate  author  book: 

1 1 .  American  Medical  Association  Department  of  Drugs.  AMA  drug 
evaluations.  3rd  ed.  Liuleton  CO:  Publishing  Sciences  Group.  1977. 

Chapter  in  book  with  editor(s): 

12.  Pierce  AK.  Acute  respiratory  failure.  In:  GuenterCA.  Welch  MH. 
editors.  Pulmonary  medicine.  Philadelphia:  JB  Lippincott.  1977. 

Tables.  Use  consecutively  numbered  tables  to  display  informa- 
tion. Start  each  table  on  a  separate  page.  Number  and  title  the 
table  and  give  each  column  a  brief  heading.  Place  explanations  in 
footnotes,  including  all  nonstandard  abbreviations  and  symbols. 
Key  the  footnotes  with  conventional  designations  (asterisk,  dag- 
ger, double  dagger,  etc)  in  consistent  order,  placing  them  super- 
script in  the  table  body.  Do  not  use  horizontal  or  vertical  rules  or 
borders.  Do  not  submit  tables  as  photographs,  reduced  in  size,  or 
on  oversize  paper.  LIse  the  same  typeface  as  in  the  text. 

Illustrations.  Graphs,  line  drawings,  photographs,  and  radio- 
graphs are  figures.  Use  only  illustrations  that  clarify  and  aug- 
ment the  text.  Number  them  consecutively  as  Fig.  I,  Fig.  2.  and 
so  forth  according  to  the  order  by  which  they  are  mentioned  in 
the  text.  Be  sure  all  figures  are  cited.  If  any  figure  was  previ- 
ously published,  include  copyright  holder"s  written  permission 
to  reproduce.  Figures  for  publication  must  be  of  professional 
quality.  Data  for  the  original  graphs  should  be  available  to  the 
Editor  upon  request.  If  color  is  essential,  consult  the  Editor  for 
more  information.  In  reports  of  animal  experiments,  use 
schematic  drawings,  not  photographs.  A  letter  of  consent  must 
accompany  any  photograph  of  a  person.  Do  not  place  titles  and 
detailed  explanations  on  figures;  put  this  information  in  figure 
captions.  If  possible,  submit  radiographs  as  prints  and  full-size 
copies  of  film. 

Drugs.  Identify  precisely  all  drugs  and  chemicals  used,  giving 
generic  names,  doses,  and  routes  of  administration.  If  desired, 
brand  names  may  be  given  in  parentheses  after  generic  names. 
Drugs  should  be  listed  on  the  product-sources  page. 
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Commercial  Products.  In  paienlheses  iii  ihc  lexl.  identity  any 
commercial  product  (including  model  number  if  applicable)  the 
first  time  it  is  mentioned,  giving  the  manufacturer's  name.  city, 
and  state  or  country.  If  four  or  more  products  are  mentioned,  do 
not  list  any  manufacturers  in  the  text:  instead,  list  ihem  on  a 
Product  Sources  page  at  the  end  of  the  text,  before  the  Refer- 
ences. Provide  model  nuinbers  when  available  and  manufactur- 
er's suggested  price,  if  the  study  has  cost  implications. 

Ethics.  When  reporting  experiments  on  human  subjects,  indicate 
that  procedures  were  conducted  in  accordance  with  the  ethical 
standards  of  the  institution's  committee  on  human  experimenta- 
tion. .State  that  informed  consent  was  obtained.  Do  not  use 
patient's  names,  initials,  or  hospital  numbers  in  text  or  illustra- 
tions. When  reporting  experiments  on  animals,  indicate  that  the 
institution's  policy,  a  national  guideline,  or  a  law  on  the  care  and 
use  of  laboratory  animals  was  followed. 

Statistics.  Identify  the  statistical  tests  used  in  analy/.ing  the  data, 
and  give  the  prospectively  determined  level  of  significance  in  the 
Methods  section.  Report  actual  p-values  in  Results.  Cite  only  text- 
book and  published  article  references  to  support  choices  of  tests. 
Identify  any  general-use  or  commercial  computer  programs  used, 
naming  manufacturers  and  their  locations.  These  should  be  listed 
on  the  product-sources  page. 

Units  of  Measurement.  Express  measuremcnls  of  length,  height. 
weight,  and  volume  in  metric  units  appropriately  abbreviated; 
temperatures  in  degrees  Celsius;  and  blood  pressures  in  millime- 
ters of  mercury  (mm  Hg).  Report  hematologic  and  clinical-chem- 
istry measurements  in  conventional  metric  and  in  SI  (Systeme 
Internationale)  units.  Show  gas  pressures  (including  blood  gas 
tensions)  in  torr.  List  SI  equivalent  values,  when  possible,  in 
brackets  following  non-SI  values — for  example.  "PEEP,  10  cm 
H:C)  |().y.S  I  kPal."  For  conversion  to  SI,  see  RESPIRATORY  CARE 
1988;3.^(l()):X6l-87.^((Xt  19.SS)aiid  I98S);.^4(2):14.S  (Peb  1989). 

Condicl  of  Interest.  Authors  are  asked  lo  disclose  aii\  liaison  or 
financial  arrangement  they  have  with  a  manulacuircr  or  distribu- 
tor w hose  product  is  part  of  the  submitted  manuscript  or  with  the 
manufacturer  or  distributor  of  a  competing  product.  (Such 
arrangetnents  do  not  disqualify  a  paper  from  consideration  and 
are  not  disclosed  to  reviewers.)  A  statement  to  this  effect  is 
included  on  the  cover-letter  page. 

Abbreviations  and  Symbols.  Use  standard  ahbic\ unions  and 
symbols.  Avoid  creating  new  abbreviations.  .Avoid  all  abbrevia- 
tions in  the  title  and  unusual  abbreviations  in  the  abstract.  Use  an 
abbreviation  only  if  the  term  occurs  several  times  in  the  paper. 
Write  out  the  full  term  the  first  time  it  appears,  followed  by  the 
abbreviation  in  parentheses.  Thereafter,  employ  the  abbreviation 
alone.  Never  use  an  abbreviation  without  defining  it.  Standard 
units  of  measurement  can  be  abbreviated  without  explanation 
(eg,  10  l./niin.  1,^  torr,  23  kPa). 

Please  use  the  following  forms:  cm  H:()  (not  cinll20l,  f  (not 
bpm),  L  (not  I).  L/min  (not  LPM.  1/min.  or  1pm).  nil.  (not  ml), 
mm  Hg(not  mmHg),  pH  (not  PhorPH),  p>  0.001  (not  p>O.OOI), 
s  (not  sec),  Spo:  (pulse-oximetry  saturation). 


Submitting  the  Manuscript 

Mail  three  copies  of  the  manuscript,  figures,  diskette,  and  the 
Cover  Letter  &  Checklist  to  RESPIRATORY  CARE,  1 1030  Abies 
Lane,  Dallas  TX  75229-4593.  Do  not  fax  manuscripts.  Protect 

figures  with  cardboard.  Keep  a  copy  of  the  manuscript  and  fig- 
ures. Receipt  of  your  manuscript  will  be  acknowledged. 

Computer  Diskettes.  A  manuscript  may  be  submitted  on  a 
Macintosh  or  IBM-DOS  diskette.  Macintosh  documents  on  3.5 
in.  diskettes  written  in  Microsoft  Word  versions  4.0  and  .'i.O  are 
preferred.  However,  we  can  convert  most  documents  (including 
PC-DOS  format)  to  our  format.  Label  each  diskette  with  date: 
author's  name:  name  of  word-processing  program  and  version 
used  to  prepare  documents:  and  filename(s).  Do  not  write  on  a 
diskette  except  with  a  felt-tipped  pen.  Tables  and  figures  must 
be  in  their  own  separate  files,  with  software  identified.  Supply  3 
hard  copies  of  the  manuscript  with  the  diskette. 

Prior  and  Duplicate  Publication.  Work  that  has  been  pub- 
lished or  accepted  elsewhere  should  not  be  submitted.  In  spe- 
cial instances,  the  Editor  may  consider  such  material.  prt)\id- 
ed  that  permission  to  publish  is  given  by  the  author  and  orig- 
inal publisher.  Please  consult  the  Editor  before  submitting 
such  work. 

.•\uthorship.  All  persons  listed  as  authors  should  have  partici- 
pated in  the  reported  work  and  in  the  shaping  of  the  manuscript: 
all  must  have  proofread  the  submitted  manuscript:  and  all  should 
be  able  to  publicly  discuss  and  deteiid  the  paper's  content.  A 
paper  with  corporate  authorship  must  specify  the  key  persons 
responsible  for  the  article.  Authorship  is  not  justified  solely  on 
the  basis  of  solicitation  of  funding,  collection  or  analysis  of  data, 
provision  of  advice,  or  similar  services.  Persons  who  provide 
such  ancillary  services  exclusively  may  be  recognized  in  an 
Acknowledgments  .section. 

Permissions.  The  manuscript  must  be  accompanied  by  copies  ot 
permissions  to  reproduce  previously  published  material  (figures 
or  tables):  to  use  illustrations  of,  or  report  sensitive  personal 
information  about,  identifiable  persons:  and  to  name  persons  in 
the  Acknowledgments  section. 

Reviewers.  Please  supph  the  names,  credentials,  alfllialions. 
addresses,  and  phone/fax  numbers  of  three  professionals  whom 
vou  consider  expert  on  the  topic  of  your  paper.  Your  manuscript 
may  be  sent  to  one  or  more  of  them  for  blind  peer  review. 


Editorial  Otfice: 

Rf.spirator'i  Care 

110.30  Abies  Lane 

Dallas  TX  75229-4593 

(214)  243-2272  (telephone) 

(214)  484-6010  (fax) 
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Cover  Letter  &  Checklist 

A  copy  of  this  completed  form  must  accompany  all  manuscripts  submitted  for  publication. 


Title  of  Paper: 

Publication  Category: 
Authors:  


Author  to  be  Contacted: Phone: FAX: 

Mailing  Address  of  Contact  Author: 

Reprints:  Yes         No 


"We,  the  undersigned,  have  all  participated  in  the  work  reported,  proofread  the  accompanying  manuscript,  and  approve  its 
submission  for  publication."  Please  print  and  include  credentials,  title,  institution,  academic  appointments,  city  and  state.  If 
more  than  4  authors,  please  use  another  copy  of  this  form.* 

•Author  Data:  


Author  Signature/Date 


•Author  Data: 


'Author  Data: 


'Author  Data: 


Author  Signature/Date 


Author  Signature/Date 


Author  Signature/Date 


Has  this  research  been  presented  in  a  public  forum''          Yes         No 
If  yes,  where,  when  and  by  whom? 


Has  this  research  received  awards?      u  Yes    □  No 
If  yes,  please  describe.  


Do  any  of  the  authors  have  a  financial  interest  in  the  products  mentioned  in  this  paper  or  competing  products? 
n  Yes    r  No      If  yes,  please  disclose:  


Checklist: 

D  Is  double-spacing  used  throughout  entire  manuscript? 

D  Are  all  pages  numbered  in  upper-right  corners? 

n  Are  all  references,  figures,  and  tables  cited  in  the  text? 

D  Has  the  accuracy  of  the  references  been  checked,  and  are  they  correctly  formatted? 

D  Have  SI  values  been  provided? 

n  Has  all  arithmetic  been  checked? 

D  Have  generic  names  of  drugs  been  provided? 

n  Have  necessary  written  permissions  been  provided? 

D  Have  authors'  names  been  omitted  from  text  and  figure  labels? 

n  Have  copies  of  'in  press'  references  been  provided? 

n  Has  the  manuscript  been  proofread  by  all  the  authors? 
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Notices 


Notices  ol  conipetiliDils,  scholarships,  fellowships,  examinalion  dales,  new  educational  programs,  and  the  like  will  be  listed  here  Tree  of 
charge.  Items  for  the  Notices  section  must  reach  the  Journal  611  days  before  the  desired  month  of  publication  (January-  I  for  the  March  issue, 
February  1  for  the  April  issue,  etc).  Include  all  penineiit  information  and  mail  notices  to  RESPIR.ATORY  CARE  Notices  Dept.  1 10.10  Abies 
Lane.  Dallas  TX  75229-4593. 


The  National  Board  for  Respiratory  Care — 1997  Examination  Dates  and  Fees 


Examination 

CRTT  Examinalion 


RRT  E.xamitiation 


CPFT  Examination 


RPFT  Examination 


Examination  Date 

March  X,  l'W7 

.^pplication  Deadline:  January  1.  I')y7 

July  12.  1997 

Application  Deadline:  May  1,  1997 

Novemhei  S.  1997 

.Application  Deadline:  Septeinher  1.  1997 

June  7.  1997 

Application  Deadline:  February  1.  1997 


December  6.  1997 

Application  Deadline:  August  I.  1997 

June  7.  1997 

Application  Deadline:  .April  1.  1997 

December  6.  1997 

.Application  Deadline:  Seplenihcr  1.  1997 


Pcrinatal/Pediatric  Respiratory      March  X.  1997 

Care  Specialty  Examination  Application  Deadline:  November  1.  1''96 


Examination  Fee 


100 
60 

100 
60 

100 
60 


110 
XO 

160 
]M) 

160 
130 


(new  applicant) 
(reapplicantl 

I  new  applicant) 
(reappltcanl) 

(new  applicant) 
(reapplicanll 


100  Written  only  (new  applicant) 

60  Written  only  (reapplicant) 

1 10  CSE  only  (all  applicants) 

210  Both  (new  applicant) 

170  Both  (reapplicant) 


I  new  applicant  I 
(reapplicant) 

(new  applicant) 
(reapplicant) 

(new  applicant) 
(reapplicanO 


For  information  about  other  services  or  fees,  write  to  the 
National  Board  for  Respiratory  Care.  X.^IO  Nieman  Road.  Lencxa  KS  66214.  or  call  (91.^)  .'i99-4200.  FA.X  (9I.1l  .'i4l-()156.  email  nbrc-infoC?  nbrc.org. 


Web  Site  for  Tuberculosis  Information 

The  Llniversity  of  Medicine  &  Dentistry  of  New  Jersey 
has  establisheij  a  world  wide  web  site  for  information 
aboLil  tuberculosis  (TB).  The  site,  one  of  3  model  tubercu- 
losis prevention,  control,  and  education  centers  established 
by  the  Centers  for  Disease  Control  and  Presention,  pro- 
vides technical  medical  material  for  health-care  pro\  idcrs 


and  general  information  for  the  public.  Curreni  informa- 
tion about  TB  epidemiology,  transmission,  diagnosis,  and 
treatment,  as  well  as  education  and  training  schedules  and 
course  descriptions  are  a\ailable.  The  web  sites  address  is 

hnp://M  MM  .unidnj.edu/ntbc. 

The  center  also  operates  a  toll-free  information  line  at 
(800)  4TB -DOCS 


772 
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American  Association  for  Respiratory  Care  Membership  Application 


I 


Please  read  the  eligibility  requirements  for  each  of  the  classifi- 
cations in  the  right-hand  column,  then  complete  the  applicable 
section.  All  information  requested  below  must  be  provided, 
except  where  indicated  as  optional.  See  other  side  for  more 
information  and  fee  schedule.  Please  sign  and  date  applica- 
tion on  reverse  side  and  type  or  print  clearly.  Processing  of 
application  takes  approximately  15  days. 

_  Active 
Associate 

D  Foreign 

n  Physician 

n  Industrial 
D  Special 
n  Student 


Last  Name . 
First  Name  _ 


Middle 


Social  Security  No. 

Home  Address 

City  


State 


-Zip. 


Phone  No. 


J 


Primary  Job  Responsibility  (check  one  only) 

D  Technical  Director 

D  Assistant  Technical  Director 

D  Pulmonary  Function  Specialist 

D  Instructor/Educator 

D  Supervisor 

D  Staff  Therapist 

n  Staff  Technician 

n  Rehabilitation/Home  Care 

D  Medical  Director 

n  Sales 

n  Student 

~  Other,  specify   


Type  of  Business 

Hospital 
U  Skilled  Nursing  Facility 
D  DME/HME 
D  Home  Health  Agency 
n  Educational  Institution 
D  Manufacturer  or  supplier 
n  Other,  specify  


Date  of  Birth  (optional) . 


Sex  (optional) . 


U.S.  Citizen? Yes     No 

Have  you  ever  been  a  member  of  the  AARC? 
If  so,  when"?"  From  to 


Preferred  mailing  address:      _  Home 


Business 


FOR  ACTIVE  MEMBER 

An  individual  is  eligible  if  he/she  lives  in  the  U  S  or  its  territories  or  was  an  Active  Member 
pnor  to  moving  outside  its  borders  or  terntones,  and  meets  ONE  of  the  following  critena 
(1)  IS  legally  credentialed  as  a  respiratory  care  professional  if  employed  in  a  state  that 
mandates  such.  OR  (2)  is  a  graduate  of  an  accredited  educational  program  in  respiratory 
care,  OR  (3)  holds  a  credential  issued  by  the  NBRC  An  individual  who  is  an  AARC  Active 
fVlember  in  good  standing  on  December  8.  1994  will  continue  as  such  provided  his/her 
membership  remains  in  good  standing 

Place  of  Employment 


Address 

City 

State 


Zip. 


Phone  No.  (_ 


J 


Medical  Director/Medical  Sponsor . 


FOR  ASSOCIATE  OR  SPECIAL  MEMBER 

Individuals  who  hold  a  position  related  to  respiratory  care  but  do  not  meet  the  re- 
quirements of  Active  fvlember  shall  be  Associate  Members  They  have  all  of  the  rights  and 
benefits  of  the  Association  except  to  hold  office,  vote,  or  serve  as  chair  of  a  standing 
committee  The  following  subclasses  of  Associate  Membership  are  available  Foreign. 
Physician,  and  Industrial  (individuals  whose  primary  occupation  is  directly  or  indirectly 
devoted  to  the  manufacture,  sale,  or  distribution  of  respiratory  care  equipment  or  supplies) 
special  Members  are  those  not  working  in  a  respiratory  care-related  field 

PLEASE  USE  THE  ADDRESS  OF  THE  LOCATIOIM  WHERE  YOU  PERFORM  YOUR  JOB, 
NOT  THE  CORPORATE  HEADQUARTERS  IF  IT  IS  LOCATED  ELSEWHERE 


Place  of  Employment 


Address 

City 

State 


Zip. 


Phone  No, 


FOR  STUDENT  MEMBER 

Individuals  will  be  classified  as  Student  Members  if  they  meet  all  the  requirements  for 
Associate  Membership  and  are  enrolled  in  an  educational  program  in  respiratory  care 
accredited  by.  or  in  the  process  of  seeking  accreditation  from,  an  AARC-recognized 
agency 

SPECIAL  NOTICE  —  Student  Members  do  not  receive  Continuing  Respiratory  Care 
Education  (CRCE)  transcripts  Upon  completion  of  your  respiratory  care  education, 
continuing  education  credits  may  be  pursued  upon  your  reclassification  to  Active  or 
Associate  Member 

School/RC  Program  


Address. 

City  

State 


Zip. 


Phone  No.  (_ 


Length  of  Program 

1  year 
D  2  years 

Expected  Date  of  Graduation  (required  information) 

Month Year 


4  years 
L  Other,  specify. 
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Demographic  Questions 

We  request  that  you  answer  these  questions  in  order  to  help 
us  design  services  and  programs  to  meet  your  needs. 


Check  the  Highest  Degree  Earned 

C  High  School 

□  RC  Graduate  Technician 

D  Associate  Degree 

C  Bachelor's  Degree 

D  Master's  Degree 

C  Doctorate  Degree 

Number  of  Years  in  Respiratory  Care 

LJ  0-2  years  U  11-15  years 

D  3-5  years  D  16  years  or  more 


n  6-10  years 


Job  Status 

Full  Time 
L  Part  Time 

Credentials 

G  RRT 
D  CRTT 
C  Physician 
[    CRNA 
D  RN 


D  LVN/LPN 

D  CPFT 

n  RPFT 

D  Perinatal/Pediatric 


Salary 


D  Less  than  $10,000 
D  $10,001-520.000 
D  $20,001-530,000 
n  $30,001 -$40,000 
C  $40,001  or  more 


PLEASE  SIGN 

I  hereby  apply  for  membership  in  the  American  Association  for  Respiratory  Care 
and  have  enclosed  my  dues  If  approved  for  membership  in  the  AARC,  I  will 
abide  by  its  bylaws  and  professional  code  of  ethics,  I  authonze  investigation  of 
all  statements  contained  herein  and  understand  that  misrepresentations  or 
omissions  of  facts  called  for  is  cause  for  reiection  or  expulsion, 

A  yearly  subscnption  to  Respiratory  Care  lournal  and  AARC  Times  magazine 
includes  an  allocation  of  S6  50  from  my  dues  for  each  of  these  publications, 

NOTE:  Contributions  or  gilts  to  the  AARC  are  not  tax  deductible  as  charitable 
contributions  lor  income  tax  purposes.  However,  they  may  be  tax  deductible  as 
ordinary  and  necessary  business  expenses  subject  to  restrictions  imposed  as  a 
result  of  association  lobbying  activities.  The  AARC  estimates  that  the 
nondeductible  portion  of  your  dues  -  the  portion  which  is  allocable  to  lobbying  ■ 

Signature 

Date 


Membership  Fees 


Payment  must  accompany  your  application  to  the  AARC. 
Fees  are  for  12  months.  (NOTE:  Renewal  fees  are  $65.00 
Active.  Associate-Industrial  or  Associate-Physician,  or  Special 
status;  $80.00  for  Associate-Foreign  status;  and  $35.00  for 
Student  status.) 

C  Active  $77.50 

D  Associate  (Industrial  or  Physician)  $77.50 

D  Associate  (Foreign)  $92.50 

n  Special  $77.50 

n  student  $35.00 


TOTAL 


$_ 


Specialty  Sections 

Established  to  recognize  the  specialty  areas  of  respiratory 
care.  The  sections  publish  a  newsletter  four  times  a  year  that 
focuses  on  issues  of  specific  concern  to  that  specialty.  The 
sections  also  design  the  specialty  programming  at  the 
national  AARC  meetings. 


D  Adult  Acute  Care  Section 

$  5.00 

D  Education  Section 

$10.00 

D  Perinatal-Pediatric  Section 

$  5.00 

n  Diagnostics  Section 

$  5.00 

C  Continuing  Care- 

Rehabilitation  Section 

5  5.00 

n  Management  Section 

$10.00 

D  Transport  Section 

$  5.00 

D  Home  Care 

$  5.00 

n  Subacute  Care 

$  5.00 

TOTAL 

$ 

GRAND  TOTAL  =  Membership  Fee 

plus  optional  sections  S 

r  Total  Amount  Enclosed  $ 

C  Please  charge  my  dues  (see  below) 

To  charge  your  dues,  complete  the  following: 
D  MasterCard 
D  Visa 

Card  Number 


Card  Expires  /_ 

Signature 


Mail  Application  and  Appropriate  Fees  To: 
American  Association  for  Respiratory  Care  •  1 1 030  Abies  Lane  •  Dallas  •  TX  75229-4593  •  (21 4)  243-2272  •  FAX  (21 4)  484-2720 


Not-for-profit  organizations  are  offered  a  free  advertisement  of  up  to  eight  lines  to  appear,  on  a  space-available  basis,  in  Calendar  of  Events  in 
Respiratory  care  Ads  for  other  meetings  are  priced  at  $5.50  per  line  and  require  an  insertion  order.  Deadline  is  the  20th  of  the  month  two 
months  preceding  the  month  in  which  you  wish  the  ad  to  run.  Submit  copy  and  insertion  orders  to  Calendar  of  Events,  RESPIRATORY  CARE. 
1 1030  Abies  Lane,  Dallas  TX  75229-4593. 


Calendar 
of  Events 


AARC  &  AFFILIATES 

August  14-16 — Mexican  Association 

4th  International  Congress  at  the  World 
Trade  Center.  Mexico  City.  Mexico. 
Contact:  Dr  Hector  Leon  Garza  at  01 1- 
525-578-0769,  fax  01 1-525-578-8952. 
To  receive  an  application  for  room 
reservations  near  the  World  Trade 
Center,  contact  the  Fundacion  Turistica 
Cesar  Ritz  at  01 1-525-207-2414.  fax 
011-525-574-1058. 

August  27 — AARC  Video  Conference 

"Theory  and  Application  of  Neonatal 
Ventilation:  What,  When,  and  Why," 
Part  5  of  the  1996,  7-part  video 
conference  "Professor's  Rounds  in 
Respiratory  Care,"  from  12:30  to  2  p.m. 
Eastern  Time.  Live  telephone  question- 
and-answer  session  airs  Sept.  16.  CRCE: 
1  credit  hour.  Contact:  AARC  at  (214) 
243-2272. 

September  5-6 — Chapter  10  of  the 
California  Society 

Together  with  the  American  Lung 
Association  of  the  Redwood  Empire,  & 
Napa  Valley  College  of  Respiratory 
Therapy  Program  present  the  14th 
Annual  Napa  Valley  Conference:  Current 
Concepts  in  Cardiopulmonary  Care  in 
Napa,  California.  Contact:  Kate 
Benscoter  at  (707)  253-3145. 

September  11-13 — The 
Maryland/District  of  Columbia  Society 
for  Respiratory  Care 

15th  Annual  Conference  by  the  Sea  at  the 
Carousel  Hotel  in  Ocean  City.  Maryland. 
Contact:  Jacqueline  Smith  at  (703)  719- 
3916  or  Elgloria  Harrison  at  (202) 
547-6817. 


October  2-4 — Kentucliy  Society 

Annual  State  Meeting.  "Strive  for 
Excellence,"  at  the  Hurstborne 
Conference  Center  in  Louisville, 
Kentucky.  Contact:  Janet  Vogt  at  (502) 
562-3002. 

October  11 — Southern  Chapter  of  the 
Colorado  Society 

3rd  Annual  Southern  Colorado 
Pulmonary  Medicine  Symposium  at  the 
Holiday  Inn  Garden  of  the  Gods  in 
Colorado  Springs,  Colorado.  Lunch  is 
included  in  the  $15  fee.  Contact:  Barry 
Beard  at  (719)  776-521 1,  fax  (719) 
776-2535. 


OTHER  MEETINGS 

September  12-13 — University  of 
Nebraslva  at  Lincoln 

6th  Annual  Lincoln  Pulmonary 
Conference:  Pulmonary  Care  Beyond 
2000  in  Lincoln,  Nebraska. 
Contact:  The  University  of 
Nebraska-Lincoln,  Division  of 
Continuing  Studies,  at  (402)  472-2844. 
fax  (402)  472-9688. 

September  26-27— INFOCARE 

First  Annual  Neonatal/Pediatric 
Respiratory/Critical  Care  Symposium  at 
the  Sheraton  Beach  Resort  in  South 
Padre  Island,  Texas.  Contact: 
INFOCARE,  350  San  Roman  Rd,  Los 
Fresnos  TX  78566,  (210)  233-5645, 

October  4-6 — American  Lung 
Association  of  Western  Missouri 

Ozark  Chest  Conference  XVI,  "Cunent 
Issues  in  Pulmonary  Medicine,"  at  the 
Tan  Tara  Resort,  Osage  Beach,  Missouri. 


Contact:  Becky  Martin,  2007  Broadway, 
Kansas  City  MO  64108.  (816)  842-5242, 
fax  (816)  842-5470. 

October  19-20 — Kansas  Association  of 
Cardiovascular  and  Pulmonary 
Rehabilitation 

9th  Annual  Meeting.  "Cardiac  and 
Pulmonary  Rehabilitation:  Prevention 
and  Treatment,"  at  the  Holiday  Inn 
Crowne  Plaza,  Kansas  City,  Missouri. 
Contact:  Mary  Cullen.  Research  Medical 
Center,  2316  E  Meyer  Blvd.  Kansas  City 
MO  64132.  (816)276-3984. 

November  9 — North  Central  Florida 
Post-Polio  Support  Group 

"Post-Polio  Syndrome:  It  Can  Take  Your 
Breath  Away."  in  Ocala.  Florida. 
Contact:  Carolyn  Raville,  7180  SW 
182nd  Ct,  Dunnellon  FL  34432,  (352) 
489-1731. 

March  5-7,  1997 — .lournees 
Internationales  de  Ventilation  a 
Domicile  (JIVD) 

6th  International  Conference  on 
Home  Mechanical  Ventilation,  in  Lyon, 
France.  The  official  languages  of  the 
conference  are  English  and  French; 
simultaneous  translation  will  be 
provided.  Abstracts  are  due  by  Dec.  15. 
For  guidelines  on  abstract  submissions 
and  for  more  information  on  the 
conference,  contact  the  Congress 
Secretariat  at  JIVD.  Hopital  de  la  Croix 
Rousse,  Service  de  Reanimation 
Medicale  et  Assistance  Respiratoire, 
93  Grande  Rue  de  la  Croix  Rousse, 
693 17  Lyon  Cedex  04,  France,  or  call 
(33)  78  39  08  43.  fax  (33)  78  39  58  63,  or 
send  E-mail  to  100732.3540® 
compuserve.com. 
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Tips  to  ensure  accurate  grading  and  proper  credit: 

e>  Use  only  a  #2.  soft-lead  pencil. 

fS"  Mark  only  one  answer. 

«s>  If  you  must  change  your  answer,  erase  completely. 

e>  Make  dark  marks  and  fill  the  circle  completely. 
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C      L       E       A       - 

Drug  Delivery  System 


Now!  See  the  Difference 


OptiHaler®  —  the  innovative  drug  delivery  system 
for  use  with  metered  dose  inhalers  —  is  now  clear 
and  made  of  impact-resistant  polycarbonate. 

See  th6  difference. 

OptiHaler"  Clear  allows  you  to  see  how  it  improves 
drug  delivery.  Witness  its  dynamic  mixing  action. 

Coordinates  Inhalation  with 
medication  release. 

With  OptiHaler,  proper  MDI  technique  is  easy. 
Patients  begin  breathing  in  and  then  actuate  their 
canisters.  OptiHaler  does  the  rest. 

OptiHaler  encourages  correct  MDI  technique  for 
consistent  drug  delivery,  every  time.  It  helps 
eliminate  the  problems  patients  have  with  timing. 

OptiHaler's  unique  design  limits  tlie  patient's  air 
intake  until  the  MDI  is  depressed. ..coordinating 
actuation  of  the  canister  with  the  beginning  of 
inhalation. 

Convenience  promotes  compliance. 

OptiHaler's  "difference"  allows  it  to  be  smaller, 
more  portable  and  as  effective  as  conventional 
spacers  and  holding  chambers.' 

Although  it's  small,  patients  can  store  their  MDI 
canisters  inside,  making  OptiHaler  truly  portable 
and  convenient  in  comparison  to  ordinary  spacers 
and  holding  chambers. 

Circle  119  on 


Convenience  promotes  compliance  —  your  patients 
will  use  OptiHaler.  And  it's  dishwasher-safe,  for  easy 
effective  cleaning. 


Easy  to  Use:  Breathe  In  and  Press  Down 

For  more  information  or  the  name  of  a 
HealthScan  Distributor  near  you,  call: 

1-800-962-1266 
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INTRODUCING 
3  NEW  Technologies  in  Arterial  Blood  Sampling 


^Mun 


IMEW,  Advanced  ASPIR-PULSE    Syringe 


Patented  design  improves  filling  for  both 
Aspiration  and  Pufsat\on  techniques 


NEW,  Purge  Guard'^ 

One-Handed  Safety  Needle  Venting  System 


Patent-pending  design  allows  OneHanded  operation 
to  immediately  Purge  Air  Bubbles,  immediately 
Guard  the  needle  point  and  immediately  free  the 
other  hand  to  apply  pressure  at  the  puncture  site 


IMEW,  Total  Ca++  Lyte 

Precision  Heparin 


A  breakthrough  patented  heparin  to  maximize  the 
precision  of  test  results  obtained  from  the  new  critical- 
care  blood  gas  and  critical  analyte  analyzers 


► 


See  your  Sher^vood  Medical  OR /Critical  Care  Sales  Representative  or  call  1-800-325-7472  for  a  complete  listing  of 

ASPXn-Pulse    Arterial  Blood  Gas  Kits. 


^■'  Sherwood  Medical  Company 


A  SheruiODd 

^^ MEDICRL 

ST    LOUIS   MO   63103  USA 
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